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dual-action 
coronary vasodilator 


Dilcoron 


TRADEMARK 


for Sustained coronary vasodilation and 
protection against anginal attack 
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for Immediate relief from anginal pain 


DILCORON contains two highly efficient vasodilators 
in a unique core-and-jacket tablet. 

Glycery! trinitrate (nitroglycerin)—0.4 mg. (1/150 grain) 
is in the outer jacket—held under the tongue until 

the citrus flavor disappears; provides 

rapid relief in acute or anticipated attack. 

The middle layer of the tablet is 

the citrus “flavor-timer.” 

Pentaerythritol tetranitrate —15 mg. (1/4 grain) is in the 
inner core—swallowed for slow enteric 

absorption and lasting protection. 


For continuing prophylaxis patients may 
swallow the entire Dilcoron tablet. 


Average prophylactic dose: 1 tablet four times daily. 


Lherapeutic dose: 1 tablet held under the tongue 
until citrus flavor disappears, then swallowed. 
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improved 
peripheral 
blood flow 
now sustaine¢ 
for 12 hours — 


with just one 


Priscoline’ 
Lontab 


effectiveness 


CIBA 


SUMMIT, N. J. 


Improved circulation to the ex- 
tremities can now be sustained 
all day or all night with just one 
Priscoline Lontab. Exclusive 
Lontab formulation offers rapid 
initial effect, steady, prolonged 
increase in blood flow to the 
extremities when circulation is 
impaired. Lontabs keep hands 
and feet warm without the chill 
periods of intermittent medica- 
tion in patients with arterio- 
sclerotic peripheral vascular 
disease, Raynaud’s disease, 
thromboangiitis obliterans, post- 
operative and postpartum 
thrombophlebitis and similar 
conditions. 

Dosage 

One Priscoline Lontab every 12 hours. 


Supplied 
Priscoline Lontabs, 80 mg. 
{15 mg. outer snell, 65 mg. inner core). 


Special outer shell 
actually contains ini- 
tial dose of medica- 
tion which is immedi- 
ately released for 
rapid vasodilating 
effect. 


ogee 


Unique Lontab core 
designed to release 
medication gradually, 
sustaining vasodilat- 
ing effect as long as 
12 hours. 


PRISCOLINE® hydrochloride (tolazoline hydrochloride CIBA} 
LONTABS® (long-acting tablets CIBA) 2/2622MK 
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Editorial 


The Role of Vessel Tone in Pulmonary Hypertension 


steam of the mechanism by which 
pulmonary hypertension occurs and is 
naintained is still rudimentary. The recent 
increased interest in this topic is due to both 
scientific curiosity and the practical necessity 
of predicting those patients in whom the 
pressure in the pulmonary artery might be 
expected to decrease after closure of a con- 
venital cardiac defect and those in whom it 
will persist or increase. 

Pressure is a function of flow and resist- 
anee; in this case, the latter is the resistance 
to flow offered by the pulmonary vascular 
bed. The difficulty lies in accurately measur- 
ing this resistance and in deciding from the 
resulting values whether they represent 
changes in vessel caliber. Usually, the pres- 
sure gradient across the pulmonary vascular 
bed (mean pulmonary arterial pressure minus 
ean left atrial pressure) is measured, and 

is value is divided by the mean blood flow 

order to obtain a value for the pressure- 

w ratio, which is considered to be a measure 

resistance to blood flow. The mean pres- 

re gradient across the pulmonary vascular 

1 in resting healthy persons is usually 

s than 10 mm. Hg. Determination of this 

idient requires measurement of at least 

0 pressures, which are associated with un- 

‘tainties of zero reference points, varia- 

ns in the level of intrathoracic pressure and 

ier factors that render an absolute error of 
least several millimeters of mereury likely. 
the presence of severe pulmonary hyper- 


‘rom the Mayo Clinic, Rochester, Minn. 


tension, these absolute errors are relatively 
small in contrast to the normal situation, in 
which the absolute magnitude of the error 
in measurement is such as to allow detection 
of only relatively large percentage changes in 
pulmonary vascular resistance. For instance, 
a 50 per cent decrease in resistance in a 
normal resting person, if all other factors 
remained constant, would be associated with 
a decrease in the pressure gradient of approx- 
imately 5 mm. The large relative error in 
measurement of such a small change in pres- 
sure is evident. However, if the pressure 
gradient is in the range of 50 to 100 mm., 
as occurs in pulmonary hypertension, the rela- 
tive error in such measurements decreases to 
acceptable levels. 

In any event, the value for the pressure- 
flow ratio that is obtained must be interpreted 
with caution, since the pulmonary vascular 
bed is a complex system with fluctuating pres- 
sure and flow. Furthermore, changes in the 
frequency and amplitude of these fluctuations 
are common owing to alterations in cardiac 
rate and stroke volume. Interpretation of 
the physiologic significance of these measure- 
ments is complicated further by changes in 
intrathoracic pressure of variable frequency 
and amplitude associated with the respiratory 
eyele and by the possibility of alterations in 
resistance to air flow, all of which factors may 
affect the pressure-flow ratio across the pul- 
monary vascular bed without active changes 
in the caliber of the pulmonary vessels. 

Studies on animals, in which many of these 
faetors can be accurately controlled, have es- 
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tablished clearly that the pulmonary vessels 
are capable of active changes in ealiber. 
They ean be constricted by a variety of agents, 
of which 5-hydroxytryptamine (serotonin) is 
the most potent. De Burgh Daly? has demon- 
strated both vasoconstrictor and vasodilator 
fibers whose stimulation results in active 
change in the caliber of these vessels. More 
recently, Daly and Daly*® noted that carotid 
chemoreceptor stimulation causes a_ reflex 
decrease in pulmonary vascular resistance me- 
diated by vagal cholinergic fibers. The mech- 
anism of the increase in pulmonary arterial 
pressure in animals, which often occurs dur- 
ing hypoxia, is still the subject of much con- 
troversy. Recent work by Duke‘ indicates that 
the increase in pressure is caused mainly by 
constriction of pulmonary vessels via a direct 
effect of the lowered oxygen tension on the 
smooth-muscle fibers. 

It would be advantageous if one could 
determine accurately the major site of changes 
in resistance, that is, whether it is precapil- 
lary, capillary or posteapillary. Gilbert and 
associates® recently studied the resistance in 
arterial and venous segments in isolated dog 
lung perfused at a constant flow. They re- 
corded changes in lung weight continuously 
with measurements of pressures in the pulmo- 
nary artery, at the pulmonary arterial wedge, 
in small pulmonary veins and in the left 
atrium. Their studies showed that bacterial 
endotoxin causes constriction of pulmonary 
veins, that histamine constricts both arteries 
and veins, and that 5-hydroxytryptamine 
eauses chiefly precapillary constriction. In 
the intact animal or man, in whom changes in 
lung weight cannot be determined simultan- 
eously, the inability to measure accurately the 
pressure in pulmonary capillaries limits at- 
tempts to define the exact site of increased 
resistance. 

A catheter impacted in a branch of the 
pulmonary artery obstructs the flow to the 
segment of lung supplied by the artery in 
question. This, therefore, becomes essentially 
a static system in which the pressure is essen- 
tially that of the left atrium, and the pul- 
monary vasculature in this segment can be 
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considered as an extension of the catheter to 
the left atrium. However, since these meas- 
urements are made under conditions of ob- 
structed blood flow to this segment of the 
lung, it should be remembered that the pres- 
sures obtained may bear little relationship 
to the pressures actually existing in the pul- 
monary capillaries or veins of this particular 
segment of the lungs when blood is flowing in 
this system. This is particularly true in the 
presence of pulmonary venous obstruction, 
since the pulmonary arterial wedge pressure 
measured under such circumstances depends 
on how effectively the blood flow is stopped in 
the segment of lung in. question. If flow is 
absent, the wedge pressure obtained will be 
equivalent to the left atrial pressure. If flow 
continues, the wedge pressure usually will be 
greater than the left atrial pressure but al- 
most certainly less than the ‘‘in vivo’’ pul- 
monary venous pressure, since the wedged 
eatheter has reduced, but to an unknown de- 
gree, the blood flow through this vein. The 
‘‘in vivo’’ pulmonary capillary, pulmonary 
venous and left atrial pressures in such a 
situation may bear little relationship to th 
recorded wedge pressure. However, it is 
probably true to say that, in man, a ‘‘wedged”’ 
catheter under most conditions measures thi 
left atrial pressure with acceptable accuracy. 
and, when combined with simultaneous meas 
urement of pulmonary arterial pressure, per 
mits changes in pressure gradient across th: 
pulmonary vascular bed as a whole to bh 
assessed. 

Recent experiments have demonstrated tha 
the normal pulmonary vessels in man need ni 
behave wholly as a passive viscoelastic sy: 
tem. Fritts and co-workers® have demonstra 
ed the presence of tone in these vessels, at 
recent observations by Patel and associat 
have shown that they are capable of constri: 
ing when norepinephrine is used. 

Increased resistance to flow across the pi 
monary vascular bed, presumably in the p! 
capillary vessels, often occurs in the pi 
monary hypertension associated with acquir: | 
or congenital heart disease. More muscle 
present in these vessels, and, therefore, t 
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potential is present for greater changes in 
vessel caliber. That active changes in caliber 
ean occur has been demonstrated by Paul 
Wood and his colleagues* in patients with 
mitral stenosis, in whom acetylcholine de- 
ereases the pulmonary vascular resistance. 
Valvotomy also decreases the _ resistance, 
whereas exercise in such patients may aug- 
ment it. Smooth-muscle tone also plays a 
part in the pulmonary hypertension associ- 
ated with congenital heart disease. Burchell 
and co-workers® demonstrated that breath- 
ing mixtures low in oxygen often increases 
the resistance, while breathing oxygen often 
decreases it. Harris!’ was the first to demon- 
strate a decrease in pulmonary arterial pres- 
sure after rapid injection of acetylcholine into 
this vessel in some patients with congenital 
heart disease. With continuous infusion of 
acetylcholine into the pulmonary artery, a 
dleerease in resistance often is obtained ; when 
the infusion of acetylcholine is combined with 
breathing oxygen, an even greater reduction 
in resistance oceurs.'! This reduction is ap- 
parently independent of the initial level of 
he pulmonary arterial pressure and the type 
f lesion, regardless of whether it is an atrial 
r ventricular septal defect, an aortic-pul- 
nonary communication or a patent ductus 
irteriosus. The decreased resistance results 
rom the opening up of vessels somewhere in 
he lung, although it cannot be said whether 
t is caused by the opening up of vessels pre- 
iously closed or by dilatation of existing ves- 
‘ls. Some patients do not respond even to 

combination of these two stimuli and pre- 
imably have what Edwards™ has defined as 
he ‘‘high-resistance and low-reserve’’ type 
f pulmonary vascular bed. In practice, one 
ould like to be able to produce a maximal re- 
‘ase of tone in these vessels in order to meas- 
re the resistance caused by the histopatho- 
‘gic changes in the vessels themselves. That 
ie increase in pulmonary vascular resistance 
| these patients is solely precapillary is a 
atter of inference from the absence of elin- 
al evidence of pulmonary capillary conges- 
on and from the site of the smooth-muscle 
‘pertrophy and the associated pathologic 








643 


changes. One cannot say whether the tone is 
normal or excessive in degree, as the advent 
of increased muscle in the vessel wall alters 
its viscoelastic properties and mechanically 
may cause changes in resistance. There may 
be more muscle with normal tone or more 
muscle with excessive tone. 

Obstruction to pulmonary venous drainage, 
as in mitral stenosis or as may be found in 
cor triatriatum or in some cases of total anom- 
alous pulmonary venous connection, often is 
associated with increased resistance to flow 
through the pulmonary vessels, despite the 
fact that the mechanical effects of such an 
obstruction would tend to increase the caliber 
of the vessels and decrease the resistance. 
Ferencz and Dammann!* demonstrated that 
pulmonary venous obstruction in patients 
with congenital heart disease is associated 
with arterial narrowing. Thus, the increase 
in pressure resulting from the obstruction may 
initiate and maintain tone in the precapillary 
vessels. A similar explanation can be applied 
in mitral stenosis, in which reduction in pres- 
sure by valvotomy causes relaxation of vessels 
by reducing vascular tone and in which an 
inerease in pressure during exercise may re- 
sult in constriction. 

In patients with interventricular communi- 
cations, a defect greater in area than 1 em.?/ 
M.? of body surface offers so little resistance to 
flow across it that the pressure is equalized 
in the two ventricles. The hemodynamics are 
similar in patent ductus arteriosus; the short 
wide ductus, like the large ventricular septal 
defect, constitutes a nonobstructive opening, 
permitting free communication between the 
pulmonary and systemic vessels, so that the 
pressures in the aorta and the pulmonary 
artery are equivalent. The amount of blood 
that enters the pulmonary circulation as 
compared to that in the systemic circulation 
is thus a function of the relative resistance 
of these two circuits. The fetal type of vessel 
persists in such patients both in the small 
arterioles (Civin and Edwards!*) and in the 
major pulmonary arteries (Heath and Ed- 
wards!*). In this situation, both increased 
pressure and flow can act on the pulmonary 
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vessels and may constitute a stimulus for the 
persistence of the smooth muscle and for the 
maintenance of its tone. This situation also 
may be accompanied by an increase in left 
atrial, and hence pulmonary venous, pressure 
caused by a variable degree of left ventricu- 
lar failure. The left atrial pressure is reduced 
after surgical closure of the patent ductus or 
the ventricular septal defect. Therefore, in- 
creased pulmonary venous pressure may be an 
etiologic factor in the increased pulmonary 
vascular resistance. On the other hand, Sce- 
bat and associates suggested that the stimulus 
for the muscle tone arises not in the lung 
but in the systemic tissues so that, as the 
oxygen needs of the tissue increase, there is 
a reflex decrease in systemic resistance and 
an inerease in pulmonary resistance. How- 
ever, there is no convincing evidence from 
experiments with autonomic-blocking agents 
that the autonomic nervous system plays a 
role in pulmonary hypertension. Whatever 
the final theory, it also must explain the ob- 
servations of Dammann and Ferencz that 
the resistance in patients with large ventricu- 
lar septal defects first tends to decrease 
toward normal in the early postnatal months. 

In patients with atrial septal defects who 
have a progressive increase in resistance to 
flow through the pulmonary vessels, the tone 
of the vessels contributes to the resistance, 
as inhalation of oxygen and injection of 
acetylcholine can dilate the vessels. In idio- 
pathic pulmonary hypertension, although the 
resistance appears to be fixed when the con- 
dition is advanced, acetylcholine can cause 
dilatation of the pulmonary vessels in the 
early stages, with a pronounced decrease in 
pulmonary arterial pressure. Again, one can 
only speculate on a possible mechanism or 
mechanisms by which the tone is maintained. 
Suffice it to say that tone in pulmonary ves- 
sels now has been demonstrated in every ab- 
normality in which pulmonary hypertension 
occurs, but that the manner in which this 
tone is maintained is still unknown. 

From the practical point of view, the dem- 
onstration that oxygen or acetylcholine or 
both are capable of dilating the vessels in 
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patients with pulmonary hypertension and 
congenital heart disease is no guarantee that 
closure of the defect will remove the stimu- 
lus that controls the smooth-muscle tone and 
thus permit relaxation to occur. Greater un- 
derstanding of the factors involved in main- 
taining and producing pulmonary hyperten- 
sion and in altering the caliber of pulmonary 
vessels in both health and disease still lies in 
the future. 
Joun T. SHEPHERD 


Earut H. Woop 
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Pre-Harveian Doubts of Galenic Doctrine 


Although it was long believed that the discovery of the circulation of the blood had 
its inception in Europe in the middle decades of the sixteenth century, about a quarter 
century ago it was learned that: an earlier description of the pulmonary transit of the 
blood had been written in the thirteenth century by a Moslem physician, Ibn Nafis. 
The discovery either in the orient or the occident presumes a prior dissatisfaction with 
the reigning Galenic doctrine, and it seems likely that the first attack upon this well- 
established doctrine would have been an oral one. Thereafter, at least in the case of 
Europe, there was published, as we know, a certain amount of pioneer research into 
isolated factors which was ultimately brought together to form the description of the 
new doctrine of the lesser circulation or pulmonary transit of the blood. While it is 
unlikely that we shall ever know the oral doubts expressed in Europe, we can, however, 
trace a certain amount of the preliminary work published, some of which must certainly 
have implied doubt, that of Berengario da Carpi, Niccolo Massa, Andreas Vesalius, 
Giambattista Canano, and oddly enough, even of that arch-Galenist Jacobus Sylvius, 
leading to the relatively complete descriptions of Servetus, Valverde, and Colombo. 

There has long been some question as to whether or not the prior work of Ibn Nafis 
had become known in Europe and contributed to the discovery there. Thus far, however, 
no relationship has been found between his Commentary on Avicenna, which contains 
the description of the lesser circulation, and western medical thought in the sixteenth 
century. Nevertheless, in a work entitled “Sixth consideration on the pulse taken from 
the Arabie book of Siraxus,” published in Venice in 1547, are imbedded some interesting 
and suggestive, but not conclusive, statements drawn from an unidentified work of Ibn 
Nafis translated by Andrea Alpago. These statements represent problems which oppose 
the Galenic doctrine, as it was related to the heart and arterial system, and orthodox 
answers which seek to reconcile such doubts or contradictions. It appears as if the 
problems and their answers were a kind of academic exercise allowing Ibn Nafis to express 
doubts which he held and yet by his answers, unsatisfactory as they might be, to remain 
within the Galenic camp. Hence it is suggested that these statements are drawn from 
an early work prior to his final description of the pulmonary transit of the blood and 
therefore his open break with Galen. Indeed, even in this treatise Ibn Nafis is referred 
to as speaking on occasion “in disproof of the opinion of Galen.”—Cuar.es D. O'MALLEY. 
A Latin Translation of Ibn Nafis (1547) Related to the Problem of the Circulation of 
the Blood. History of Medicine and Allied Sciences 12: 248, 1957. 
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Maintenance of Cardiorespiratory Functions by 


Extracorporeal Circulation 


By Joun H. Gipson, Jr., M.D. 


AM GREATLY honored to have been 
] selected to give the Lewis A. Conner Lee- 
ture before this association. I propose to dis- 
cuss in this lecture some of the unsolved prob- 
lems that have arisen from the use of extracor- 
poreal blood cireuits, a field in which I have 
long been interested. Twenty-four years ago 
at the Massachusetts General Hospital, .we 
constructed an artificial heart-lung apparatus 
that was capable of maintaining the cardio- 
respiratory functions of cats for more than 4 
hours with the pulmonary artery completely 
oceluded.!. A few years later, continuing 
this work at the Harrison Department of 
Surgical Research at the University of Penn- 
svylvania, we were able to carry the entire 
cardiorespiratory functions of cats for as 
long as 26 minutes with prolonged healthy 
survival of the animals.2 World War II 
interrupted our work in this field, but it 
was resumed at the conclusion of the war. 
Six years were then spent in further ex- 
perimental work in animals, with inereas- 
ingly long periods of total bypass of the heart 
and lungs with survival,*~” a decreasing 
mortality rate, and successful experiments in 
which atrial® and ventricular’ septal defects 
were created and closed. There followed on 
May 6, 1953, the first successful open-heart 
operation on a human being in which the en- 
tire cardiorespiratory functions were main- 
tained by an extracorporeal circulation.* The 
heart and lungs were bypassed for 26 minutes 
while a large atrial septal defect was closed 
with sutures under direct vision. The patient, 
an 18-year-old girl, is now, 5 years later, 
healthy and leading a normal life. Today, as 
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every member of this audience knows, surgical 
operations on the interior of the heart under 
direct vision, while the cardiorespiratory 
functions are maintained by an extracorpo 
real cireulation, are commonplace in many 
medical centers in this country and abroad 
While the mortality in “the correction of th 
simple congenital or acquired cardiac defects 
now approaches that of other operations ot 
similar magnitude in the hands of experienced 
surgical teams, much additional knowledge is 
required to increase the safety of the proced 
ure, especially in the more complicated cases 

This lecture concerns the multitude ot 
physiologic problems that have arisen fron 
the use of a mechanical apparatus to tak 
over temporarily the functions of the heart 
and lungs. Much virgin territory remains fo! 
the competent investigator to explore and 
conquer. 


Bioop Ftow AND PRESSURE DURING 
EXTRACORPOREAL CIRCULATION 

Very little accurate data exist on cardiac 
output during operations under general anes 
thesia.® The flow of blood through the extr: 
corporeal circulation, however, can be easil 
and accurately measured. There is abundant 
evidence that low flow rates, 25 to 35 ml. per 
Ke. body weight per minute, produce harmfi'! 
effects upon the organs and tissues of tle 
body.'°* It is now generally agreed that flow 
rates in the neighborhood of 2.3 L. per \? 
per minute, or higher, are desirable.!° The ’e 
is also considerable evidence that the rate 
blood flow should be greater in infants a 
young children than in adults.'® 


Initial Fall in Mean Pressure 

The fall in mean blood pressure, which 
not infrequently seen on the initiation of to 
bypass, is generally assumed to be the res 
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f a blood flow through the extracorporeal 
‘ircuit that is less than the cardiae output of 
he patient immediately preceding total by- 
sass. The addition of blood to the combined 
ystem of the subject’s vessels and the extra- 
orporeal circuit is frequently resorted to in 
rder to increase the blood flow and to raise 
he subject’s blood pressure. Yet if the pre- 
umption is correct that the observed fall in 
ood pressure on initiating total bypass re- 
ults from a blood flow through the circuit 
‘ss than the preexisting cardiae output of 
he subject, it is clear that attention must be 
irected towards overcoming the technical 
actors that may contribute to this diminished 
lood flow. An example of such a technical 
actor is the decreased internal cross-sectional 
‘ea of the cannulae in the venae cavae, as 
compared with the internal cross-sectional 
urea of the cavae themselves Obviously the 
nearer these cross-sectional areas approach 
one another, the easier it will be to obtain the 
ime venous blood flow, and thus the same 
urterial blood flow and cardiae output, as ex- 
isted before. Another technical factor that 
may limit blood flow through the cireuit is 
ihe resistance offered by the cannula return- 
ing the blood to the subject’s arterial system. 
There is a limit to the pressure which can be 
cmployed to overcome this resistance because 
of (to mention only one facet) the hemolysis 
sulting from the passage of blood from a 
gh pressure area to a low pressure area 
rough a narrow orifice.!* 
If, on the other hand, the above-mentioned 
| resumption is inaccurate, and the flow of 
od through the extracorporeal circuit is as 
© eat, or greater than that which existed im- 
‘diately prior to initiation of total bypass, 
‘n the fall in blood pressure must be related 
a decrease in peripheral resistance. Under 
‘se circumstances, adding blood to the cir- 
it would compensate for the blood pooled 
the area of vascular relaxation. In this ease, 
odepressor substances in the blood in the 
racorporeal circuit should be sought and 
ossible eliminated. Other factors, of course, 
| vy be responsible for the vasodilatation, 
h as reflexes arising from baroreceptors in 
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the walls of the atrial,’* the venae cavae, or 
pulmonary vessels. 


Volume of Blood in the Lungs 


On the initiation of complete cardiopulmo- 
nary bypass, theoretically the volume of blood 
in the lungs should be markedly reduced, thus 
increasing the blood volume in the combined 
system of extracorporeal circuit and the sub- 
ject’s vascular system. This additional volume 
should counteract to some extent vascular 
pooling in the subject’s body, if this is the 
basis of the observed fall in blood pressure. 
In the acyanotic patient, the foregoing re- 
marks should be true. On the other hand, in 
the cyanotic patient who already has a large 
bronchial artery component entering the pul- 
monary capillaries, the cessation of blood flow 
through the pulmonary arterial tree should 
tend to reduce the resistance in the pulmonary 
capillaries and to increase the blood flow into 
the left side of the heart from the bronchial 
arteries through the pulmonary capillaries 
and veins. Experience with open-heart opera- 
tions in the laboratory and in human patients 
has shown the importance of providing an 
escape for this blood from the left side of the 
heart when cardiac arrest is employed.’**! 
Accurate data on the blood volume and blood 
flow through the lungs should be obtained 
before, during, and after bypass, in order to 
provide for the greatest safety of the patient 
during the operation. 

Reversal of Flow in Aorta 

In much of the early experimental work on 
animals, the arterialized blood from the extra- 
corporeal circuit was returned to the subject’s 
arterial system by way of a centrally directed 
cannula in a femoral artery. In much of the 
early human operative work, this blood was 
returned through a centrally directed can- 
nula in the left subclavian artery. In the last 
few years, however, most surgeons have em- 
ployed the femoral artery for return of this 
blood as in the early animal experiments. This 
shift was made because of the technical diffi- 
culty in exposing the left subclavian artery 
through the usual transverse thoracotomy in- 
cision, the inaccessibility of the artery from a 
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median sternotomy, and also because it short- 
ened the time during which the thorax was 
open. While many of the aortic branches, i.e., 
innominate, left carotid, left subclavian, in- 
tercostals, and renal arteries, leave the aorta 
almost at right angles, the mesenteric arteries 
form an obtuse angle with the normal direc- 
tion of blood flow. Due to piezometrie effects, 
it is possible that the flow of blood through 
the mesenteric arteries and celiac axis may 
be considerably reduced when the direction 


of blood fiow is reversed in the aorta by em- 


ploying a centrally directed cannula in the 
femoral artery to return the arterialized 
blood. If the femoral artery continues to be 
employed for this purpose, the flow through 
the superior mesenteric artery as well as the 
other great branches of the aorta should be 
measured before and after reversal of the 
blood flow. The development of an accurate 
electromagnetic blood flow recorder? pro- 
vides a suitable technical device for obtaining 
this much-needed information. Dr. John 
Templeton of our department has recently 
abandoned the femoral artery, and now re- 
turns the arterialized blood through a cannula 
inserted into the ascending aorta through a 
stab wound. This method eliminates reversal 
of flow through the aorta, permits the employ- 
ment of a cannula with a larger internal 
lumen than the femoral artery, obviates the 
possibility of impairment of the blood supply 
to a lower extremity, and is technically sim- 
pler and more rapid than femoral artery can- 
nulation. 


Relation of Oxygen Consumption to Blood 
Flow 


Many recent reports have shown that, 
within limits, the oxygen consumption of the 
body during extracorporeal bypass of the 
heart and lungs is directly related to blood 
flow.'': 15 A blood flow significantly below 
basal levels is associated with decreased oxy- 
gen consumption. This decrease in oxygen 
consumption results in a metabolic acidosis 
that progressively increases in severity 
throughout the period of low blood flow. 
Therefore, in human patients maintained at 
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normal, or only slightly reduced body tem- 
perature, it is highly desirable to maintain 
rates of blood flow high enough to avoid tissue 
hypoxia. Certainly the postoperative period is 
hazardous enough without imposing the addi- 
tional burden of metabolic acidosis. 


Mean Aortic Blood Pressure During Bypass 
In the mammalian vascular system, because 
of variable peripheral resistance, blood flow 
and blood pressure will not always vary in 
the same direction or to the same extent. 
Recent experimental work with extracorporeal 
circulations has shown that renal function 
becomes impaired as the*mean aortic pressure 
declines, and ceases at mean pressures below 
50 mm. Hg."! Thus, not only should the blood 
flow be kept at nearly normal basal levels to 
avoid tissue hypoxia, but also the blood pres- 
sure should be kept at a mean level of 80 mm. 
Hg, or above, in order to ensure normal fune- 
tion of the kidneys and of other bodily organs 
and tissues. Further work in this area, partic- 
ularly function,!* is 


regarding hepatic 


required. 


TENSION OF GASES IN BLoop 

Excessive Oxygen Tension 

Pendido et al.** have shown that with a 
bubble-type oxygenator, the tension of oxygen 
in the blood may reach or exceed 700 mm. Hg. 
There is, of course, no advantage to oxygen 
tensions of this magnitude in blood of norma! 
hemoglobin content, as the hemoglobin will 
be normally saturated with oxygen at a ten 
sion in the neighborhood of 100 mm. Hg 
Theoretically, there might be a slight advan 
tage to oxygen tensions approaching 700 mm 
Hg during extracorporeal bypass if the bloo 
flow were inadequate. Every 100 ml. of bloo: 
under these circumstances would then earr 
2.1 ml. of oxygen in physical solution in th: 
plasma in addition to the 20 ml. carried i 
the form of oxyhemoglobin, whereas normal! 
with 100 mm. Hg oxygen tension, only 0.3 n 
of oxygen is carried in the plasma of ea 
100 ml. of blood. This approximately 10 px ° 
cent inerease in oxygen-carrying capacity pi ° 
unit of blood theoretically could compensa 
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for a 10 per cent decrease in the rate of blood 
flow to the tissues. On the other hand, high 
tensions of oxygen in the blood introduce the 
hazard of oxygen emboli in the vascular sys- 
tem if the patient’s body temperature is above 
the temperature of the blood as it leaves the 
artificial oxygenator. 

Oxygen poisoning from the prolonged in- 
halation of 100 per cent oxygen is well docu- 
mented in both animals and man.** A tension 
of oxygen in the neighborhood of 700 mm. Hg 
for 1 hour is not toxic in man,” and no ill 
effects have been noted in dogs during eardio- 
pulmonary bypass for 45 to 60 minutes with 
oxygen tensions of 600 mm. Hg in the arterial 
blood.*® It will obviously not be easy to obtain 
iccurate data on this matter because of the 
difficulty of controlling other parameters dur- 
ing the period of perfusion. Measurements of 
myocardial oxygen tension, by the methods 
which have been so admirably developed by 
Montgomery,” have already been reported 
during hypotension.” Studies during cardiac 
bypass should provide much useful data in 
this field. 


Carbon Dioxide Tension before, during, and 


after Bypass 


Some surgeons have recommended _ hyper- 
ventilation prior to bypass in order to reduce 
he carbon dioxide tension below normal.?® 
"his has been particularly advocated during 
he use of hypothermia alone for open eardio- 
omy. However, Bigelow has shown a subse- 
uent increase in metabolic acidosis in patients 
ubjected to respiratory alkalosis during 
he induction of hypothermia,?! and mild 
‘egrees of hypothermia are commonly used 
. association with extracorporeal circula- 
ons. Vigorous hyperventilation by the anes- 
\esiologist rarely reduces the carbon dioxide 
‘nsion below 20 mm. Hg. In conscious man, 

‘ry little impairment of mental acuity has 

‘en demonstrated until the carbon dioxide 

nsion of arterial blood is reduced below 25 

m. Hg.3? Nevertheless, lowering of carbon 

oxide tension is known to produce cerebral 

isoconstriction, and elevation of carbon di- 
‘ide tension to produce cerebral vasodilata- 


tion. Creech,** however, in a recent report 
observed no increase in cerebral blood flow in 
animals on extracorporeal circulation when 5 
per cent carbon dioxide and 95 per cent 
oxygen were substituted for 100 per cent oxy- 
gen in the extracorporeal lung. If these ob- 
servations can be substantiated, there would 
appear to be no advantage in raising the ear- 
bon dioxide tension during extracorporeal cir- 
culation in order to increase cerebral blood 
flow. 


Relation between Respiratory and Metabolic 

Acidosis 

Holaday** has reported that respiratory 
acidosis tends to produce metabolic acidosis. 
Recent observations in our laboratory have 
not confirmed this.*° Dogs rebreathing ecar- 
bon dioxide for a period of 2 hours, but with 
a normal arterial oxygen saturation, exhibited 
a lowering of lactic acid in the blood. There 
was the expected marked elevation of lactic 
acid in the blood in another group of animals 
breathing diminished concentrations of oxy- 
gen, but with normal carbon dioxide tension. 

We, and others, have adopted the practice, 
when using extracorporeal circulation in pa- 
tients, of maintaining a carbon dioxide ten- 
sion of about 40 mm. Hg prior to and during 
bypass. Under these circumstances, any fall 
in the pH of the blood at the termination of 
the extracorporeal circulation is indicative of 
metabolic acidosis. This, fortunately, is us- 
ually of a degree not greater than that seen 
following most operations of similar magni- 
tude. Its occurrence is obviously due to some 
degree of tissue hypoxia. Measures directed 
toward the avoidance of such metabolic acido- 
sis should, therefore, be concerned with main- 
tenance of adequate blood flow and pressure 
and the carrying of a normal volume of oxy- 
gen per unit volume of blood during the 
extracorporeal bypass. 

Tue HEART DURING AND AFTER Bypass 
Induced Cardiac Arrest 

Probably the most interesting development 
in open eardiae surgery since the initiation 
of extracorporeal circulation is the concept of 
elective cardiac arrest. Cessation of myo- 
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cardial contractions and elimination of car- 
diae venous blood from the operative field 
allows the intracardiae surgical procedure to 
be performed with greater dispatch and aec- 
curacy. Elective arrest was first suggested 
by Melrose,*® who induced cardiae arrest in 
dogs by injecting a solution of potassium 
citrate into the ascending aorta proximal to 
an occlusive clamp after the establishment of 
Effier** was the 
first to induce arrest by this means in human 
patients. 


extracorporeal circulation. 


Lam** employed acetylcholine for 
the same purpose in patients. Potassium cit- 
rate has been used more generally than 
acetylcholine, probably because potassium 
salts produce more complete relaxation of 
the heart. When acetylcholine is used, it is 
more difficult to produce complete arrest and 


the operative manipulations occasionally ini- 


tiate contractions that may prove troublesome 
to the surgeon. Combinations of potassium 
and magnesium salts and other substances 
have also been used to produce cardiac 
arrest.39-41 

Another method of inducing cardiac arrest 
during extracorporeal circulation consists in 
merely cross-clamping the aorta distal to the 
coronary ostia. This ‘‘anoxic’’ arrest has been 
employed successfully in patients by a num- 
ber of surgeons,*? who prefer it to the use of 
potassium or acetylcholine. Some surgeons 
who formerly employed potassium arrest now 
use it rarely because of the increased incidence 
of heart block in patients with myocardial 
damage and coronary insufficiency*® and _ be- 
cause of the conviction that the heart does 
not function as well during the immediate 
postoperative period following such arrest. 
This conviction is widely held despite the 
demonstration that no deleterious effeet upon 
the capacity of the heart to do work ean be 
demonstrated following potassium citrate ar- 
rest.44 Induced cardiae arrest is usually not 
employed for the simpler lesions, such as in- 
complete atrial septal defects and pure pul- 
monic stenosis. It is generally employed in 
patients with the tetralogy of Fallot or ven- 
tricular septal defects. 

The whole problem needs further investi- 
gation and clarification. The proponents of 
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‘‘anoxic’’ arrest produced by merely cross- 
clamping the aorta, state that all cardiac ar- 
rest is anoxic. This is true because the metab- 
olism of the myocardium continues even 
Nevertheless, 
there is a marked difference in the degree of 
hypoxia of the myocardium resulting from po- 


when it is not contracting. 


tassium or acetylcholine arrest which occurs 
promptly, and that produced in ‘‘anoxic’’ 
arrest which occurs more slowly with progres- 
sively weaker contractions of the hypoxic 
left ventricle. The question to be answered 
may be stated simply. Which method is least 
harmful to the heart as measured by the abil- 
ity of the heart to contract at a normal rate 
rhythm, and force following the period ot 
arrest ? 
Cardiac Hypothermia 

Induced eardiae arrest has given rise ti 
many other physiologic problems. We do not 
know whether some of the observed cardia 
arrhythmias in the postoperative period ar 
due to some special sensitivity of the sinoatria 
node, the artrioventricular node, or the bun 
dle of His to hypoxia and the aeeumulatio: 
of acid metabolites. With the ascending aorti 
cross-clamped and no blood flowing through 
the coronary vessels, the temperature of the 
heart will eventually fall to the ambient room 
temperature. The rate at which this drop in 
temperature occurs should be measured. It 
would appear obvious that the temperature of 
the thick-walled ventricles, and particularly 
of the left ventricle, which is unopened and 
contains blood, should fall less rapidly than 
the thin-walled atria. The effect such ter 
perature differences may have on the spread 
of the electrical excitation waves, or the co- 
ordinated muscular contraction of the entire 
organ, is unknown and merits investigation. 
If differential cooling should prove to be 
sponsible for any of the cardiae difficulties © 
the postoperative period then the results :f 
uniform perfusion of the organ with a co | 
fluid should be explored. The cold wou | 
then be uniform and the heart could 
rapidly cooled and rapidly rewarmed. T 
local hypothermia during bypass could be 
any desired degree and might inerease t 
safe duration of arrest by decreasing meta 

















































olism and the production of acid metabolites. 
The fluid used to perfuse the coronary 
arteries might be cold blood with a sufficient 
concentration of potassium salt or acetylcho- 
line to maintain the arrest, or it could consist 
of cold plasma to maintain anoxic arrest. 
Paradoxically Kaplan and Fisher,** working 
with hypothermic dogs, found better tolerance 
of the heart to caval occlusion when the peri- 
cardium was perfused with warm saline. 
Much remains to be explored in this field. 


POSTOPERATIVE PULMONARY DYSFUNCTION 

Rather unexpectedly, postoperative pul- 
monary dysfunction has probably contributed 
more than other complications to the morbid- 
ity of open cardiae operations with an extra- 
corporeal circulation. The usual postopera- 
tive pulmonary difficulties, such as retention 
of tracheobronchial secretions, or inadequate 
depth of respiration, appear to be enhanced 
after operations employing an extracorporeal 
circulation. Over and above these common 
lifficulties, there not infrequently oceurs in 
the immediate postoperative period some im- 
pairment of the gas exchange function of the 
lungs. This pulmonary dysfunction is mani- 
fested by both hypoxemia and hypercapnia, 
ind is apparently unrelated to left heart 
‘failure. 
Bronchial Artery Component of Pulmonary 

Blood Flow 

[t seems reasonable to assume that this pul- 
nonary dysfunction arises during the period 
if bypass from some change in the milieu in- 
erteur of the 
lveolar 


pulmonary 
membranes, or 
ronchioles. 


capillaries, the 
the lining of the 
During bypass with cessation of 
lood flow through the pulmonary artery, 
here continues to be a small circulation of 
lood through at least some of the pulmonary 
apillaries by way of the bronchial arteries. 
1s mentioned earlier, this flow of blood prob- 
bly increases, because of decreased pressure 
1 the pulmonary capillaries, when the flow 
rough the pulmonary artery ceases. In eya- 
‘tie patients, the blood flow through the 
‘onchial arteries may reach huge propor- 
ons. In the acyanotie patient without a 
‘ ptal defect, and without cardiac arrest, a 
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vent need not be provided for the blood en- 
tering the left heart, because this blood will 
be ejected into the aorta by the left ventricle 
which is being perfused with oxygenated 
If cardiac arrest is employed under 
these circumstances, a vent should be sup- 
plied for the escape of blood from the left 
atrium to prevent a gradual rise in pulmonary 
venous and capillary pressure with resultant 
pulmonary edema. 


blood. 


Of course, cardiac arrest 
is rarely employed in such patients. 

In the acyanotic patient with an atrial 
septal defect, cardiae arrest is also rarely em- 
ployed, and even if it were, there would be an 
adequate vent for the blood in the left atrium 
through the septal defect right 
atrium is open. In the usual case without 
cardiac arrest, the presence of blood in the 
left atrium helps to avoid air embolism, and 
after the defect is closed, there is no danger 


when the 


of increased venous pressure with a resultant 
pulmonary edema, as the left side of the 
heart is able to eject any blood which reaches 
it because it is being perfused with oxygen- 
ated blood. 

In the aecyanotic patient with a ventricular 
septal defect and a left-to-right shunt, car- 
diae arrest may or may not be employed. If 
cardiae arrest is not employed, there is no 
danger of increased pulmonary venous pres- 
sure either after closure of the 
defect. If cardiac arrest is induced in these 
patients, a vent for the escape of blood from 
the left side of the heart should be provided 
after the defect is closed, unless the aortic 
clamp is promptly removed and vigorous ecar- 


before or 


diae contractions begin at onee. 

In the cyanotic patient with a septal defect 
and pulmonic stenosis, cardiae arrest likewise 
may or may not be employed. In any ease, 
the flow of blood into the left atrium contrib- 
uted by the bronchial arteries can be ex- 
pected to be quite large. In such eases, when 
eardiae arrest is employed, it is always advis- 
able to provide a vent in the left side of the 
heart for the escape of blood after closure of 
the septal defect. 

The vents in the left side of the heart can 
be provided by a catheter inserted in the left 
ventricle near the apex of the heart or, more 
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simply and easily, by a catheter inserted into 
the left atrium through the left atrial append- 
age. Blood draining from such a catheter is, of 
course, returned to the extracorporeal circuit. 
By providing such vents in the left side of the 
heart when they are indicated, pulmonary 
edema from elevated pulmonary capillary 
pressure can be avoided. 


Pulmonary Ventilation during Bypass 


It is evident that during total bypass of 
the heart and lungs, ventilation of the lungs 
to provide oxygen and to eliminate carbon 
dioxide is not necessary. In the cyanotic pa- 


tient with a large bronchial arterial flow of 
blood through the pulmonary capillaries, ven- 
tilation of the lungs during bypass is prob- 
ably not harmful, although it could be ex- 
pected to reduce carbon dioxide tension and 
raise the pH of the blood. In the acyan- 
otic patient with a small bronchial arterial 
flow, pulmonary ventilation is obviously not 
necessary, and conceivably might be deleteri- 
ous if it produced significant changes in the 
composition of the alveolar gases. Vigorous 
ventilation of the lungs in an acyanotie pa- 
tient during bypass, with only a small flow of 
blood through some of the pulmonary eapil- 
laries from the bronchial arteries, would cer- 
tainly reduce the normal carbon dioxide ten- 
sion of the alveolar gas from 40 mm. Hg to 
almost zero, unless carbon dioxide were added 
to the ventilating gas. If, as is frequently 
the case, the ventilating gas is oxygen, ventil- 
ation during the period of bypass would raise 
the tension of oxygen in the alveolar gas from 
its normal level of 90 or 100 mm. Hg to the 
neighborhood of 700 mm. Hg. Finally, if a 
high gas flow, nonrebreathing technic were 
employed, harmful drying effects might be 
produced on the mucous membrane lining the 
tracheobronchial tree, as well as on the ex- 
tremely thin cells of the alveoli themselves. 

It seems reasonable to avoid these possibly 
deleterious changes in the water vapor and 
other gas concentrations of alveolar air by 
omitting pulmonary ventilation during by- 
pass in the acyanotie patient. Suggestive evi- 
dence that such changes are deleterious to 
the function of the lungs in the postoperative 
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period was obtained in our laboratory several 
years ago in experiments on normal dogs.*® 
The right and left lungs were ventilated sep- 
arately, but equally, by appropriate endo- 
bronchial technics, and the oxygen consump- 
tion of each lung was measured with the 
thorax open. The pulmonary artery of 1 lung 
was then occluded for a period of 1 hour, 
while the lungs were ventilated as before. 
Following release of the occlusion, the oxygen 
consumption of each lung was again meas- 
ured. In the majority of experiments, the 
oxygen consumption of the lung in which the 
pulmonary artery had been occluded fell 
below the preocclusion méasurement. After 
a period of 2 to 4 hours, the oxygen consump- 
tion of this lung tended to return to its pre- 
vious level. On the other hand, when the 
lung with the occluded pulmonary artery was 
held stationary in an inflated position, the 
decline in oxygen consumption was not ob- 
served in the postocclusion period. These ex- 
periments suggest that ventilation of a lung 
without blood flow through the pulmonary 
artery may produce at least temporary im- 
pairment of pulmonary function. Therefore, 
while ventilation of the lungs of cyanotic pa- 
tients during bypass may not be harmful, in 
the acyanotic patient, such ventilation may 
contribute to postoperative pulmonary dys- 
function. 


Atelectasis and Pulmonary Inflation 

It is generally considered advisable to avoid 
prolonged complete collapse of the lungs dur 
ing thoracic operations because, among other 
reasons, it. becomes difficult to reinflate full) 
the lungs, and to do so excessively high in 
flationary pressures must be employed. If 
then, the lungs are not ventilated during by 
pass, it is probably advisable to keep then 
inflated, though stationary. The degree o 
inflation probably need not be more than tha 
existing in the normal position of expiration 
The lungs then will not be tense and will no 
interfere with surgical exposure of the heart 


Postoperative Aids to Pulmonary Function 


If all the precautions outlined above ar: 
taken, the patient’s pulmonary function dur 














ing the first few hours, or even the first day 
or 2 after operation, may still not be ade- 
quate to avoid hypoxemia and hypercapnia. 
This may be true, even though the usual post- 
operative measures to aid pulmonary function 
are employed. These measures include the 
breathing of a moist atmosphere enriched 
with oxygen, a tracheostomy to decrease re- 
spiratory dead space, and the encouragement 
of deep breathing by the alleviation of pain 
by drugs. The use, where possible, of median 
sternotomy and unilateral thoracotomy, which 
are less painful with respiration than the 
usual transverse thoracotomy, results in less 
impairment of respiratory excursions. In the 
experience of our group, the most important 
single means of aiding pulmonary function 
in the postoperative period is the use of in- 
termittent positive pressure breathing. Not 
only is ventilation immediately improved, but 
seeretions in the tracheobronchial tree are 
cleared by the great velocity of gas flow dur- 
ing the early part of expiration. Further 
study of this interesting field of postoperative 
pulmonary function is indicated. 


LENGTH OF PERFUSION 

If an extracorporeal blood circuit exactly 
duplicated the functions of the heart and 
lungs, then, theoretically, there would be no 
limit to the period of time that such an ap- 
paratus could be used to substitute for these 
natural functions. Unfortunately such is not 
the case. Harmful phenomena occur in the 
extracorporeal blood circuit, or arise from the 
method of connecting the vascular system of 
the subject to the extracorporeal circuit, so 
that there is a limit to the time during which 
in extracorporeal circulation can be used 
‘afely. Much remains to be learned concern- 
ng these phenomena and their prevention. 

Partial bypass of the heart and lungs ean 
1 tolerated by animals for periods of 4 and 
» hours with low mortality, whereas total by- 
ass With open cardiotomy for a period of 2 
ours in dogs results in a 50 per cent mor- 
ality.47 Undoubtedly with both partial and 
otal bypass, the harmful phenomena that 
ceur in the extracorporeal circuit are cumu- 
itive, and finally reach such a degree that 
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they can no longer be tolerated by the organ- 
ism. When the same connections to the vas- 
cular system of the subject are used, there 
are 2 major differences between partial and 
complete bypass of the heart and lungs. The 
first is that in partial perfusion, only a part 
of the blood reaching the arterial system has 
passed through the extracorporeal circuit, and 
thus it will take a longer time for the harmful 
phenomena to become lethal. The second 
major difference is that in total bypass, blood 
no longer flows through the pulmonary ecapil- 
laries except for the small component entering 
them by way of the bronchial arteries. 

The measurable harmful phenomena that 
occur in the extracorporeal circuit are sur- 
prisingly few. They consist almost entirely 
in damage to the corpuscular elements of the 
blood. In brief, these phenomena consist of 
a gradually progressive hemolysis, a drop in 
the number of white blood cells to perhaps a 
fifth of their former concentration, and a 
sharp and profound thrombocytopenia. The 
2 latter phenomena occur rapidly with only 
a very slow further decline. The hemolysis 
is less rapid, but exhibits the same general 
type of curve. The observed phenomena 
may be related to the age of the individual 
corpuscular elements, especially as regards 
resistance to trauma of the erythrocytes. How- 
ever, no adequate data exist to support this 
hypothesis. It might well be studied by tag- 
ging the corpuscular elements with radioac- 
tive isotopes. 

The lung has long been known to be an effi- 
cient filter for the blood. Undoubtedly other 
capillary beds act in a similar fashion, but no 
other capillary bed in the body filters all of 
the blood. Some of the destroyed leukocytes 
and thrombocytes very likely remain attached 
to the internal lining of the extracorporeal 
circuit. The free hemoglobin is removed 
largely by the reticuloendothelial system. 

In partial bypass, no detectable alteration 
of the blood occurs consistently, aside from 
destruction of the cellular elements. With 


total bypass, as mentioned earlier, inadequate 
oxygenation of the tissues may result in 
metabolic acidosis if the blood flow and blood 
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pressure fall below a certain minimum level. 
No other changes are consistently detectable 
in the blood. For example, there is no sig- 
nificant alteration in the level of fibrinogen 
during 2 hours of total bypass in animals, 
and only 2 of 16 animals exhibited measur- 
able degrees of fibrinolysis.** 


SUMMARY 

The experimental use of extracorporeal 
blood circuits during the past 24 years, and 
the clinical experience of the past 5 years, 
have posed many interesting physiologic prob- 
lems. A few of these have been solved for 
practical purposes by much excellent recent 
investigation. Among those remaining to be 
solved the following might be listed: 

On the initiation of total bypass of the 
heart and lungs by an extracorporeal circu- 
lation, is the blood flow to the body increased 
or decreased in relation to the cardiac output 
before bypass? Available technical methods 
exist to answer this question. 

The volume of blood in the lungs before, 
during, and after total bypass should be de- 
termined. Technics are available to accom- 
plish this. 

The rate of blood flow through the major 
branches of the aorta should be measured 
before and during bypass with a normal di- 
rection of flow in the aorta, as well as with 
reversal of flow. The recent perfection of 
square-wave electromagnetic blood flow re- 
eorders makes this a relatively simple task. 

Adequate studies have been performed to 
indicate the importance of maintaining a 
nearly normal blood flow and pressure during 
perfusion. Further investigation is needed 
to determine how long high oxygen tensions 
may be maintained in the blood without tox- 
icity. The conflicting evidence concerning 
the relation of metabolic to respiratory aci- 
dosis should be resolved. 

Induced cardiac arrest requires a great deal 
of further study. What is the best method 
of producing arrest, and how long and under 
what circumstances can it be safely main- 
tained ? 

Finally, the subject of postoperative pul- 
monary dysfunction needs much further 
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study. The results of such study may well 
lead to a reduced morbidity and mortality 
following operations involving open cardi- 
otomy with the extracorporeal circulation. 


SUMMARIO IN INTERLINGUA 


Le uso experimental de circuitos extracor- 
poree de sanguine durante le passate 24 annos 
e le experientia clinic del passate 5 annos ha 
sublevate multe interessante problemas phy- 
siologic. Plures inter illos esseva resolvite, 
in tanto que lor signification practic es con- 
cernite, per multe excellente investigationes 
in le recente passato. Quanto al problemas 
que remane a solver, le sequentes merita esser 
listate : os 

Post le transferimento complete del fune- 
tiones cardiorespiratori al circulation extra- 
corporee, es le fluxo de sanguine a in le cor- 
pore augmentate o reducite in comparation 
con le rendimento cardiac ante le institution 
de ille transferimento? Le methodos technic 
pro resolver iste question es jam disponibile. 

Le volumine de sanguine in le pulmones 
ante, durante, e post le transferimento com- 
plete deberea esser determinate. Le technicas 
pro effectuar tal determinationes existe. 

Le intensitate del fluxo sanguinee a trans- 
verso le major brancas del aorta debe esser 
mesurate ante e durante le transferimento, 
con fluxo normal in le aorta e etiam con fluxo 
revertite. Le recente perfection de electro- 
magnetic fluxometros a undas quadrate pro 
le mesuration de fluxos sanguinee rende iste 
problema relativemente simple. 

Studios adequate ha essite effectuate, de 
monstrante le importantia de mantener un 
quasi normal fiuxo e tension de sanguine dur 
ante perfusiones. Investigationes additiona! 
es requirite pro determinar durante quant: 
tempore alte tensiones de oxygeno pote esse! 
mantenite in le sanguine sin effectuar toxici 
tate. Le contradictiones in le datos concer 
nente le relation inter acidosis metabolic « 
acidosis respiratori debe esser resolvite. 

Inducite arresto cardiac require un grand: 
concentration de studios additional. Qua 
methodo es le melior pro effectuar arrest: 
cardiac, e durante quante tempore e sub qua 
conditiones pote illo esser mantenite sin risco 








Finalmente, le thema del post-operatori 


dysfunction pulmonar require multe studio 


additional. 


Le resultatoes de tal studios va 


forsan causar un reduction del morbiditate e 
mortalitate post operationes in que cardioto- 
mia aperte es interprendite con le adjuta de 
un circulation extracorporee. 
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Plasma Catechol Amine Concentrations in Myocardial 
Infarction and Angina Pectoris 


By P. C. Gazes, M.D., J. A. Ricuarpson, PH.D., anp E. F. Woops, Px.D. 


Urinary catechol amines have been shown to be increased in a few cases of acute myo- 
cardial infarction. The present study shows that patients with acute myocardial infare- 
tion and with angina pectoris (after exercise) have an increase in plasma catechol amines 
as compared to normal subjects before and after exercise and as compared to patients 
with noneardiae types of pain. The significance of these findings is discussed. 


HERE have been many reports that the 
adrenergic catechol amines (epinephrine 
and norepinephrine) cause a wastage of oxy- 
gen by the heart muscle that exceeds the si- 
multaneous oxidative energy requirements 
for mechanical work. Recently, however, 
Katz! suggested a ‘‘stress-adapting mecha- 
nisms’’ related to the catechol amines that ap- 
pears to make the heart more efficient in the 
utilization of oxygen in the experimental ani- 
mal. In either event with cases of myocardial 
infaretion or angina pectoris an excess of 
these amines may be of clinical significance. 
Raab,” * utilizing a modification of Shaw’s 
colorimetric method, showed an increase in 
blood catechol amines in 7 patients with an- 
gina after exercise as compared to 14 normal 
cases. However, this method has subsequent- 
ly been shown to be insufficiently sensitive to 
measure minute quantities in blood.4| Nuzum 
and Bischoff? found increased amounts of 
epinephrine in the urine of 2 patients with 
myocardial infarction and 1 of these showed 
such amounts on 4 oceasions. Raab and 
(rigee,® on the other hand, were unable to de- 
teet grossly abnormal total urinary catechol 
‘xeretion in patients with myocardial infare- 
tion, arterial hypertension, congestive failure 
r in states of emotional tension. They‘ per- 
ormed colorimetric determinations of total 
‘atechol amine content and bioassay of nor- 
‘pinephrine and epinephrine separately in 85 
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autopsied human hearts. Significant increases 
above normal were found in cases of recent 
myocardial infarction and in congestive fail- 
ure. Bloodworth and von Haam,® using a sim- 
ilar colorimetric method, determined the tis- 
sue concentration of catechol amines in 100 
autopsied human hearts. Cardiovascular dis- 
eases showed low or normal values. Five of 
these were cases of myocardial infarction. The 
literature contains numerous papers dealing 
with the tissue concentration of catechol 
amines in normal animal hearts, but no data 
are available for the diseased state in animals. 

Because of the variability of these reports 
in heart tissue and in the urinary excretion 
of catechol amines and the limited investiga- 
tions of plasma concentrations, the present 
study was performed to correlate plasma lev- 
els in cases with myocardial infaretion and in 
those with angina pectoris. 


MetTHOopD 


Plasma catechol amine levels were determined 
fluorimetrically by the method of Weil-Malherbe 
and Bone,® as modified by Richardson et al.1° 
This method is capable of measuring plasma levels 
as low as 0.25 pg. of epinephrine and 0.5 pg. of 
norepinephrine per liter of plasma. When known 
amounts of the amines are added to plasma, the 
mean recovery!” of epinephrine is 93.4 per cent + 
11.5, and of norepinephrine 90.3 per cent + 9.9. 
With regard to the specificity of the method, 
Weil-Malherbe and Bone® found that the fluo- 
rescent substances in blood are “identical with 
adrenergic amines in their affinity to amine oxi- 
dase, in Rf values, and the fluorescent spectra of 
their derivatives.” Moreover, in this laboratory 
in instances of adrenal medullary stimulation 
where one would expect to observe increases in 
circulating epinephrine, such was the ease;!® in- 
crements in norepinephrine were noted in splenic 
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TABLE 1. 


Catechol Amines (ug./L. plasma) in Cases 
of Acute Myocardial Infarction 


First 36-hr. period After 72 hrs. 
Patient Norepi- Epi- Norepi- Epi- 
no. nephrine nephrine nephrine nephrine 
1 9.10 1.00 2.26 1.07 
1.34 49 1.97 19 
3.48 90 1.39 1 
42 2.21 81 
A7 3.16 63 
2.84 3.60 47 
45 1.12 
9 1.04 
ae 73 
10 ; 78 2.19 
11 F é 1.39 
12 
13 
Mean 


blood during electrical stimulation of the splenic 
nerve. Although fluorescent compounds are found 
when ethylenediamine is condensed with certain 
agents, notably 3,4-dihydroxyphenylethylamine (a 
probable precursor of norepinephrine) and 3,4- 
dihydroxyphenylacetie acid, this does not detract 
from the specificity of the method as used here, 
since the presence of these chemicals has not been 
demonstrated in plasma. Epinephrine and norepi- 
nephrine determinations were made within the 
first 36 hours in 13 eases of acute myocardial 
infaretion, all with definite electrocardiographic 
changes and other characteristic findings. None 
of these patients manifested cardiogenic shock. In 
11 of the cases, levels were also determined after 
72 hours and in 10 of them serum transaminase 
levels were obtained simultaneously. Reeognizing 
the increased sympathetic activity produced by 
opiates,!! no narcotics were administered in 11 
eases for 12 to 24 hours prior to the determina- 
tions. In the other 2 patients opiates were given 
prior to the first and second determinations. 
Plasma amine levels were also determined in 6 
cases with a noncardiac type of pain. In 3 of 
these patients pain was due to trauma and in 
the other 3 to abdominal pathology. 

Epinephrine and norepinephrine levels were 
studied also in 12 patients with angina pectoris 
and in 7 normal individuals. The normal subjects 
were matched to the patients with angina in their 
other characteristics, such as age, dietary habits, 
and body weight. Levels were determined before 
and after exercise using a double 2-step Master’s 
test. When the patients with angina developed 
pain prior to completion of their required exercise, 
the levels were determined at this point. Levels 
were also obtained in 3 of the patients with angina 
before and during cigarette smoking. 
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TABLE 2.—Catechol Amines (ug./L. Plasma) in 
Normal Subjects before and after Exercise 


Before exercise After exercise 


Subject Norepi- Epi- Norepi- Epi- 


no. nephrine nephrine nephrine nephrine 

1 3.08 .28 3.§ 21 
01 2.98 15 
09 , 01 
01 3.08 .00 
06 3. 15 
00 y .68 

7 i 26 .25 45 


Mean 2.4: 22 2.5% .24 


TABLE 3.—Catechol Amines (ug./L. Plasma) in Cases 
with Noncardide Pain 


Patient 
no. Norepinephrine 


Epinephrine 
-70 
.09 
30 
30 
06 
89 


40 


> Ole whe 
Sh = OI 
aoe 4s 


Sk = £9 
to + 


an ae 
ot 


Mean 


RESULTS 

Table 1 compares the plasma levels of the 
catechol amines in 11 cases of acute myocar- 
dial infarction taken within the first 36-hour 
period with those after 72 hours. The level 
of norepinephrine was higher in all cases in 
the first 36-hour period and the epinephrine 
results were variable. Single initial levels of 
amines were determined in 2 other cases. In 
all 13 cases the initial levels of norepinephrin¢ 
were significantly greater (p< .001) than i 
the 7 normal subjects of table 2. In 7 eases 
the initial levels of epinephrine were greate! 
than in the 7 normals (p< .01). The values 
for the 6 patients with noneardiae types of 
pain (table 3) were in the normal range. Fig 
ure 1 compares the plasma catechol amin 
levels in 10 of the cases of myocardial infare 
tion with serum transaminase levels draw: 
simultaneously within the first 36-hour period 
A significant linear relationship was foun 
between norepinephrine and transaminase, th« 
correlation coefficient being 0.80 (p< .01) 


The correlation coefficient with epinephrin: 
as one of the parameters was 0.04, indi 
cating no significance (p> .1), 
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Fic. 1. The relation of catechol amines (ug./L. 
plasma) to serum transaminase (abscissa) deter- 
mined within the first 36-hour period of 10 patients 
with acute myocardial infarction. 


In table 4 catechol amine levels of 12 cases 
of angina pectoris are compared before and 
after exercise. Norepinephrine .acreased in 
8 cases after exercise whereas epinephrine in- 
creased in 5. Statistically there was a marked 
difference in values before and after exercise 
(norepinephrine, p< .001; epinephrine, p< 
01). In the 7 normal subjects (table 2) there 
were no significant increases after exercise. 
In 2 of the 3 cases of angina (table 5) total 
amines inereased during cigarette smoking. 


DIscussIon 


The liberation of adrenal medullary hor- 
monal material, the bulk of which is epineph- 
rine, into the blood stream and its utilization 
in the tissues occur under a variety of stress- 
ful situations, such as muscular exercise, emo- 
tional tension, pain, and under the influence 
of a reflex mechanism which originates in the 
carotid sinus. Norepinephrine constitutes up 
to 30 per cent of the hormone content of the 
idrenal medulla and of its secretion, and is 
‘laborated by postganglionic adrenergic nerve 
ndings. It is also probably the immediate 
recursor of epinephrine. A large part of the 
sympathomimetic substances present in the 
uormal myocardium has been identified as 
iorepinephrine.'? It constitutes 75 to 90 per 
‘ent of the sympathomimetic amines of the 
ieart, the remainder being largely epineph- 
‘ine. Richardson and Woods'* showed that 


TABLE 4.—Catechol Amines (ug./L. Plasma) in Cases 
of Angina Pectoris before and after Exercise 


Before exercise After exercise 
Patient Norepi- Epi- Norepi- Epi- 
no. nephrine nephrine nephrine nephrine 


2.46 78 12.10 2.48 
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TABLE 5.—Catechol Amines (ug./L. Plasma) in Cases 
of Angina Pectoris before and during Smoking 


Before During 
Patient Norepi- Epi- Norepi- Epi- 
no. nephrine nephrine nephrine nephrine 


1 1.87 ll 
é 3.69 -l4 
21 


2.76 


large doses of acetylcholine produced sub- 
stantial increments in the concentration of 
norepinephrine in the perfusion fluid from 
isolated rabbit hearts. Epinephrine values 
remained essentially unchanged. 

The increased plasma concentrations of 
norepinephrine and epinephrine in many of 
the cases of myocardial infarction and angina 
after exercise suggest liberation of these 
amines not only from the adrenal medulla but 
also probably in part from the myocardium 
and coronary vessels in these diseased states. 
This observation may be of significance not 
only as to prognosis but also as to therapy. 
‘‘Mechanism deaths,’’ namely ventricular 
fibrillation, are often seen in such eases in 
spite of prophylactic anti-arrhythmie drugs 
such as quinidine and procaine amide. Fur- 
thermore, these drugs by decreasing myocar- 
dial irritability may also further depress 
myocardial contractility and so present an in- 
creasing hazard. Since arrhythmias usually 
do not begin until several hours after infare- 
tion, Harris believed that sympatho-adrenal 
substances liberated during necrosis of the 
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muscle may act as local excitatory factors to 
produce them. Gilbert et al.!° recently have 
shown the degree to which catechol amines 
are capable of inducing ectopic pacemaker 
action. Sudden unexpected cardiac deaths 
from ventricular fibrillation have been ob- 
served in a number of cases in which autopsy 
revealed various degrees of coronary sclerosis 
but no significant myocardial lesion. Many 
of these patients had an intact ventricular 
myocardium and sufficient coronary flow to 
permit them to live comfortable and produc- 
tive lives. 

Anoxia with accumulation of lactic acid 
may be associated with stimulation of chro- 
maffin tissue within the heart and release of 
epinephrine and norepinephrine. This is a 
possible mechanism, since lactic acid is a po- 
tent stimulant to the chromaffin tissue of the 
adrenal medulla as evidenced by marked in- 
crements in circulating catechol amines when 
it is injected into the adrenal cireulation.!® 
Pain of noncardiac causes did not produce 
elevation of these amines. Reflex discharge 
of these amines due to shock was ruled out, 
since none of the patients with myocardial in- 
farction manifested signs of shock. 

Since there is reason to believe these amines 
intensify the anginal pain in patients with 
coronary sclerosis, a reduction of circulating 
concentrations of the amines or a blockade of 
their effects appears as another rational thera- 
peutic approach to angina pectoris. The most 
practical method is that of physical rest and 
mental relaxation to diminish sympathetic 
stimulation. Exposure to cold temperatures, 
heavy meals, and excessive tobacco smoking 
should likewise be avoided, since they can be 
expected to cause increased discharges. Tho- 
racic sympathetic ganglionic block or sympa- 
thectomy and sympatholytie drugs have been 
used with some encouraging results. X-ray 
of the adrenal glands and later total ablation 
of the thyroid gland by drugs, surgery, or 
radioactive iodine (I'*!) have also been uti- 
lized. Thyroid hormones intensify both the 
physiologic and toxic adrenergic action on the 
heart. Although nitroglycerin may have a 
specific anti-adrenergic action on the heart 
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muscle in addition to its coronary dilator ef 
fect!” it more probably acts largely by re- 


ducing peripheral resistance and thus redue- 
ing the work load of the heart.'* Acute stim- 
ulation of the vagus by pressure on the ¢a- 
rotid sinus has been recommended by Levine 
to terminate anginal attacks with occasional 
striking results. It is described as initiating 


an anti-adrenergic, oxygen-sparing — effect 
upon myocardial metabolism.!® Freedberg 
and Riseman*° presented observations con- 
sistent with the hypothesis that stimulation 
of the carotid sinus induees relief of cardiac 
pain by interruption of sympathetic reflex 
ares or sensory pathways. “Recently Paasonen 
and Krayer"! showed that administration of re- 
serpine to heart-lung preparations of the dog 
leads to a marked decrease of norepinephrine 
content of the heart, but no decrease in epi- 
nephrine. 
SUMMARY 

Norepinephrine plasma levels were signifi- 
cantly increased in 13 eases of myocardial in- 
farction and in 7 of these there was also a 
significant increase of epinephrine as com- 
pared to 7 normal subjects. There were no 
comparable increments of the amines in 6 pa- 
tients with noneardiae types of pain. 

In myocardial infarction there was a posi- 
tive correlation of norepinephrine and trans- 
aminase levels, but there was no such rela- 
tionship with epinephrine and transaminase. 

In 12 cases of angina pectoris norepineph- 
rine increased in 8 cases after exercise, where- 
as epinephrine increased in only 5. There was 
no significant change with exercise in the 7 
normal subjects. 

It is believed that these increases in plasma 
catechol amines in patients with myocardial 
infarction and angina pectoris may play a 
significant part in therapy and prognosis. 
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SUMMARIO IN INTERLINGUA 
Le nivellos de norepinephrina in le plasma 
esseva significativemente augmentate in 13 
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easos de infarcimento myocardial, e in 7 de 
illos il habeva etiam un augmento significa- 
tive de epinephrina in comparation con 7 
subjectos de controlo. Nulle comparabile 
augmentos del aminas esseva constatate in 6 
patientes con typos non-cardiac de dolor. 

In infarcimento myocardial, il existeva un 
correlation positive del nivellos de norepi- 
nephrina con illos de transaminase. Nulle 
tal correlation esseva trovate inter epineph- 
rina e transaminase. 

In 12 casos de angina de pectore, le norepi- 
nephrina montava in 8 post exercitio, le 
epinephrina in solmente 5. Nulle significative 
alteration esseva notate post exercitio in 7 
subjectos de controlo. 


Es opinate que iste augmentos de catechol- 
aminas in patientes con infarecimento myo- 
cardial e angina de pectore ha possibilemente 
un rolo significative in therapia e prognose. 


REFERENCES 
1. Karz, L. N.: The design of proper experi- 
ments to investigate clinical angina_ pectoris 
and the importance of knowing the deter- 
minants of coronary flow in considering 
therapy of angina pectoris. Ann. New York 
Aead. Se. 64: 504, 1956. 

Rass, W.: Abnormal suprarenal discharges 
in angina pectoris and their control by 
x-ray therapy. J. Clin. Endocrinol. 1: 977, 
1941. 

—:  Adreno-sympathogenie heart disease 
(neurohormonal factors in pathogenesis and 
treatment). Ann. Int. Med. 28: 1010, 1948. 

Guick, D.: Methods of biochemical analysis, 
Vol. II. London, Interscience Publishers 
Ltd., 1956. 

Nuzum, F. R., Ano BiscHorr, F.: The urinary 
output of catechol derivatives including ad- 
renaline in normal individuals, in essential 
hypertension and in myocardial infarction. 
Cireulation 7: 96, 1953. 

Raas, W., AND GiIGEE, W.: Total urinary 
catechol excretion in cardiovascular and 
other clinical conditions. Circulation 9: 
592, 1954. 

—, AND —: Norepinephrine and epinephrine 
content of normal and diseased human 
hearts. Cireulation 11: 593, 1955. 

BioopwortH, J. M. B., Jr., AND von Haan, 
E.: The tissue catechol amine concentration 


661 


of the human heart determined by 
aluminum hydroxide-arsenomolybie acid 
method. Circulation 13: 573, 1956. 

WEIL-MALHERBE, H., anD Bones, A. D.: The 
adrenergic amines of human blood. Lancet 
1: 974, 1953. 

RicHarpson, J. A., RicHarpson, A. K., anp 
Bropiz, O. J.: Fluorimetric determination 
of epinephrine and norepinephrine in 
plasma. J. Lab. & Clin. Med. 47: 832, 
1956. 

—, Woops, E. F., anp RicHarpson, A. K.: 
Elevations in plasma eatechol amines fol- 
lowing morphine. J. Pharmacol. & Exper. 
Therap. 122: 64A, 1958. 

von Ever, U. 8.: The presence of a sym- 
pathomimetie substance in extracts of mam- 
malian heart. J. Physiol. 105: 38, 1946. 

RicHarpson, J. A., AND Woops, E. F.: Re- 
lease of norepinephrine from the isolated 
heart. Proce. Soe. Exper. Biol. & Med. 1959. 
In press. 

Harris, A. 8.: Delayed development of ven- 
tricular ectopic rhythm following experi- 
mental coronary occlusion. Circulation 1: 
1318, 1950. 

GILBERT, J. L., LANGE, G., Potevoy, IL, anp 
Brooks, C. McC.: Effects of vasoconstrictor 
agents on cardiac irritability. J. Pharmacol. 
& Exper. Therap. 123: 9, 1958. 

Woops, E. F., RicuHarpson, J. A., RicHArp- 
son, A. K., anp Bozeman, R. F., Jr.: 
Plasma concentrations of epinephrine and 
arterenol following the actions of various 
agents on the adrenals. J. Pharmacol. & 
Exper. Therap. 116: 351, 1956. 

Raas, W., AND LEPESCHKIN, E.: Anti-ad- 
renergic effects of nitroglycerin on the heart. 
Circulation 1: 733, 1950. 

Darsy, T. D., Gazes, P. C., Aupincrr, E. E., 
AND TENNEY, J. M.: Cardiovascular dy- 
namics during angina pectoris and nitro- 
glycerin therapy. Presented Fall Meeting 
of Pharmacology Society, Aug. 25-28, 1958. 
Ann Arbor, Mich. 

LevinE, S. A., AnD Harvey, W. P.: Tempo- 
rary relief of anginal pain by carotid sinus 
stimulation. Tr. A. Am. Physicians 60: 
255, 1947. 

FREEDBERG, A. S., AND RiseMAN, J. E. F.: 
Observations on the carotid sinus reflex and 
angina pectoris. Circulation 7: 58, 1953. 

PaaSoNEN, M. K., ann Krayer, O.: The re- 
lease of norepinephrine from the mamma- 
lian heart by reserpine. J. Pharmacol. & 
Exper. Therap. 123: 153, 1958. 





Arteriovenous Fistula of the Kidney 
New Observations and Report of Three Cases 
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LAURENCE F. GREENE, M.D., AND James T. PriestLEy, M.D. 


RTERIOVENOUS fistulas of the kidney 
A or renal vessels are probably not so rare 
as the small number of reported cases suggest. 
The fact that all but 2 of the total of 12 cases 
appearing in the literature are recently re- 
ported (within the past 11 years) lends sup- 
port to this contention. 

To this total of 12, we should like to add the 
following 3 cases that were observed at the 
Mayo Clinic between the years 1954 and 1957. 


ReEPoRT OF CASES 

Case 1.* This patient was a man 42 years of age 
when last seen at the clinic in 1955. The patient 
was first seen here in 1950, at which time he 
complained of fatigue, sweating, palpitation, and 
a feeling of stimulation and nervousness. He was 
clinically euthyroid, and his blood pressure was 
150 mm. of mereury systolic and 90 mm. diastolic. 
His history indicated that he had been shot at 
close range in a hunting accident at age 14 years. 
The 22-caliber bullet entered his trunk anteriorly 
in the region of the liver. Gross hematuria oc- 
curred for 2 weeks, during which time the patient 
was in bed with drains in the hepatic region. A 
roentgenogram of the lumbar vertebrae showed 
the bullet lodged between the bodies of the first 
and second lumbar vertebrae with post-traumatic 
ankylosis bridging the area. 

Since the roentgenogram of the chest in 1950 
showed cardiac hypertrophy and the history of 
trauma was known, evidence of an arteriovenous 
fistula was sought in an attempt to explain the 
enlargement of the heart. A loud continuous 
bruit, loudest in the midaxillary line, was found 
over the upper part of the abdomen on the right. 

The urine was normal, but an excretory urogram 
revealed marked distortion of the renal calyces. 
Results of the sulfobromophthalein (bromsulpha- 
lein) test of liver function were negative. 


From the Mayo Clinic and the Mayo Foundation, 
Rochester, Minnesota. The Mayo Foundation is a 
part of the Graduate School of the University of 
Minnesota. 


*A report on this case appeared in an exhibit at 
the meeting of the American Medical Association in 
June 1955. 


In an attempt to obtain evidence supporting 
the diagnosis of renal arteriovenous fistula, limited 
vardiae catheterization was carried out. Unfor- 
tunately, the catheter could not be made to enter 
the right renal vein, and evidence of arterialization 
of the blood was not encountered in the inferior 
vena cava, so proof of an arteriovenous fistula 
of the kidney could not be obtained (table 1). 
Nevertheless, the patient was considered to have 
an arteriovenous fistula of the right kidney and 
surgical exploration was advised with an alterna- 
tive of continued periodic observation. 

The patient returned 4 years later (1954) with 
the same complaints, but increased in severity. 
The enlargement of the heart had increased. The 
electrocardiogram showed changes consistent with 
early left ventricular hypertrophy. At catheteri- 
zation, indicator-dilution studies showed recireula- 
tion time of 12 seconds as compared to a normal 
value of approximately 21 seconds. The cardiac 
output was increased as compared to the 1950 
studies (table 1). An aortogram showed a greatly 
enlarged and tortuous renal artery terminating 
in what appeared to be an aneurysmal sae (fig. 
1). Right nephrectomy was carried out. 

Pathologic examination revealed an arterioven- 
ous fistula with the renal artery and vein entering 
a common aneurysmal sae located at the hilus of 
the kidney. The narrowest portion of the arterio- 
venous fistula was 4 mm. in diameter (fig. 2). 

Seven months later the patient returned stating 
that he felt normal for the first time in many 
years. At that time, cardiae catheterization 
yielded normal findings except for some slowing 
in the systemic recirculation time (table 1). Blood 
pressure was now normal, 128/86, and there was 
a rather striking reduction in size of the heart 
(fig. 3). The abnormal electrocardiographie pat- 
tern had disappeared. 

Case 2. The patient, a 30-year-old woman, was 
admitted to the hospital in 1957 because an ar- 
teriovenous fistula of the left kidney was suspected. 
At the age of 4 years, she had been run over by 
the wheel of a wagon but apparently had sus- 
tained no significant injury. A heart murmur 
had been heard at an examination when she was 
in her early teens. She was married at 19 years 
of age and in the next 10 years had an unremark- 
able health record, which included 4 uneventful 
pregnancies. 
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TABLE 1.—Cardiac Catheterization in Case 1 


~ 1950 1954 
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Recirculation time 
Radial artery 


31 see. 


pressure (mm. Hg) 


173/84 137/80 


The present illness appeared to coincide with 
the beginning of her fifth pregnancy in September 
1956. About this time she began to be weak 
and fatigued easily, and she had episodes of left 
upper abdominal pain. In January 1957, tachy- 
cardia, edema of her ankles, and an apical systolic 
cardiac murmur developed. The next month she 
was hospitalized for treatment of congestive heart 
failure. Continuous treatment for this condition 
was necessary until labor was induced and a 
normal child was delivered on May 22, 1957. Dur- 
ing the last 4 months of pregnaney, a bruit had 
been heard over the left flank. Since delivery, 
the patient had remained virtually at rest in bed. 

On examination the blood pressure was 180/80; 
the pulse rate during rest was 120 beats per min- 
ute. Funduscopie examination of the eyes re- 
vealed narrowing, grade 2, and foeal constrictions, 
grade 1 (on a grading basis of 1 to 4), of the 
retinal arterioles, but no sclerosis was discernible. 
Examination of the heart revealed gross cardiac 
enlargement and a soft systolic apical murmur. 
A loud bruit and thrill were found in the left 
upper part of the abdomen anteriorly, laterally, 
and posteriorly. These were continuous and were 
aecentuated during systole. The point of maximal 
intensity was immediately over the kidney 
posteriorly. 

Laboratory examinations gave the following 
results: The urine contained albumin, grade 3; 
the blood showed 8.6 Gm. of hemoglobin per 100 
ml, and 18 mg. of urea per 100 ml. An excretory 
urogram, eystoscopy, and a left retrograde pyelo- 
zram showed a nonfunctioning left kidney that 
appeared about half the size of its mate. A 
roentgenogram of the chest showed cardiac enlarge- 
ment. 

In order to delineate the nature of the sus- 
pected arteriovenous communication, a_ special 
catheterization procedure was carried out. The 
right atrial pressure was’ elevated, being 15/10 
mm. Hg. The oxygen saturation of blood with- 
drawn from the superior vena cava was 61 per 
cent and that withdrawn from the inferior vena 
cava at the junction of the iliac veins was 64 per 


Fie. 1. Case 1. Aortogram in 1954 showing a 
greatly enlarged and tortuous renal artery terminating 
in an aneurysmal sae. 


cent; both these values were below normal. The 
oxygen saturation of blood withdrawn from the 
inferior vena cava in the region of the orifices 
of the renal veins, however, was 95 per cent. 
The catheter was introduced into what was appar- 
ently the left renal vein, and blood withdrawn 
from this site had an oxygen saturation of 97 
per cent, which was not significantly different from 
blood simultaneously withdrawn from the radial 
artery. A catheter was introduced into the right 
femoral artery and advanced to the level of the 
diaphragm. After injections of dye into the 
aorta at the diaphragm, dye-dilution curves were 
recorded simultaneously from the radial artery 
and from the “right-heart” catheter when its tip 
was in the left renal vein and after withdrawal 
to the inferior vena cava at the diaphragm. The 
contour of the dye curves indicated a rapid re- 
circulation time (11 seeonds), as is typical of 
patients with large arteriovenous fistulas. The 
dye curves recorded from the left renal vein and 
inferior vena cava indicated a large arteriovenous 
fistula in or near the left kidney. A _ selective 
angiocardiogram was made by injecting contrast 
media through a catheter, whose tip was in the 
right renal artery. The picture was consistent 
with an arteriovenous fistula at the hilus of the 
left kidney. Estimation of the size of the shunt 
based on saturation data indicated that 69 per 
cent of the inferior vena caval blood was from 
the shunt. 

At the time of nephrectomy the left kidney was 
found to be about half normal size and adherent 
to surrounding structures. The renal artery ap- 
proached the kidney in a downward direction and 
communicated directly with the renal vein in the 
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Renal v. 
aneurysm 


Fig. 2. Case 1. Findings at pathologic examination. 


hilus of the kidney. There was a saccular dilata- 
tion of the renal vein about the size of a golf 
ball, and the remainder of the visible portion of 
the renal vein was at least three times normal 
size and thickened. The ostium of the arterio- 
venous fistula was 8 mm. in diameter. 

The patient’s postoperative course was unevent- 
ful. Her blood pressure in the immediate post- 
operative period was 130/80. 

Case 3. A 39-year-old woman was referred to 
the clinic by her physician, Dr. James R. Machan 
of Fort William, Ontario, in April 1955, because 
of hypertension of 3 years’ duration, cardiac en- 
largement with early cardiac failure, and an 
abdominal mass that was considered to be an 
arteriovenous aneurysm. She mentioned also 
severe frontal headaches, weakness, and easy 
fatigability. She denied urinary symptoms. 

The pertinent findings at physical examination 
included a precordial systolic murmur, grade I, 
and evidence of cardiac enlargement. The blood 
pressure averaged 192/105. A firm palpable mass 
was present in the left upper quadrant of the 
abdomen, and over the mass a thrill and a loud 
continuous bruit with systolic aecentuation were 
noted. The bruit radiated from the mass and 
could be detected throughout the abdomen, the 
left loin, and the chest. Examination of the 
ocular fundi disclosed narrowing of the retinal 
arterioles, grade 2, and areas of focal constrictions 
and hypertensive sclerosis, grade 1. 

Laboratory examinations of the urine and blood 
(including blood urea) yielded normal findings. 
Roentgenographic examination of the thorax dis- 
closed cardiac enlargement, and the electrocardio- 
gram was consistent with left ventricular hyper- 
trophy. 


Study of the upper part of the urinary tract 
by excretory urography and left retrograde pye- 
lography disclosed a rounded enlargement of the 
upper pole of the left kidney, and the upper 
valyx appeared flat, elongated, and broad. The 
infundibulum leading to the upper calyx was 
broad and irregular with a hook-shaped deformity 
in a branch of the middle ealyx (fig. 4). An 
aortogram disclosed irregular pooling of medium 
over the region of the left kidney (fig. 5). A 
clinical diagnosis of hypernephroma or benign 
vascular tumor with arteriovenous fistula was 
made, and surgical intervention was advised. 

Surgical exploration revealed a vaseular mass 
oecupying the hilus and upper pole of the left 
kidney. The left renal vein was strikingly en- 
larged, and the renal artery was divided into 
several different branches. Nephrectomy was per- 
formed. Examination of the excised specimen 
(fig. 6) disclosed a hypernephroma, 10 em. in its 
greatest diameter, occupying the upper pole of 
the kidney. The arteriovenous fistula consisted 
of branches of the renal artery and vein which 
entered an aneurysmal sae that measured 6 by 6 
em. and was situated in the region of the hilus. 
Two large venous pools that drained into the 
renal vein were situated within the neoplasm. 

A roentgenogram of the thorax made on the 
tenth postoperative day disclosed a distinct de- 
crease in size of the cardiac shadow. Hyperten- 
sion persisted, however, and a value of 170/110 
was noted. 

In response to inquiry the patient’s physician 
in her home locality stated that he had examined 
her in January 1958. She had remained well 
during the intervening 3 years, had gained 15 
pounds and was free of symptoms. The blood 
pressure remained elevated to 200/100. Examina- 
tion of the ocular fundi, however, yielded normal 
findings. The cardiac enlargement had decreased. 


CLASSIFICATION 


Because of the considerable inaccuracy and 
ambiguity in the titles of articles dealing with 
intrarenal or parenchymal shunts, fistulas of 
the renal artery and vein, and fistulas in the 
stump of the renal vessels following nephrec 
tomy, the following simple elassification is 


proposed. It is based on the location and 
the nature of the communication: I. Arterio 
venous fistula of the kidney. II. Postnephrec 
tomy arteriovenous fistula. 

The term ‘‘arteriovenous fistula of the kid 
ney’’ would include those fistulas occurring 
within the kidney substance itself as well as 
those of extrarenal origin involving the rena! 
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Fig. 3. Case 1. The thorax. a. In 1954 showing enlargement of the heart. b. In 1955 
after operation. The rather striking reduction in the size of the heart should be noted. 


Fic. 4 Left. Case 3. Retrograde pyelogram of the left kidney showing deformity of the 
ealyces. 


Fig. 5 Right. Case 3. Aortogram showing irregular pooling of medium over the left 


renal area. 


irtery and vein. An aneurysmal sae is com- 
monly present as part of the fistulous tract. 

Although the term, ‘‘arteriovenous fistula 
f the renal vessels,’’ might seem satisfac- 
ory, it would include fistulas occurring in the 
stumps of the renal vessels following neph- 
‘ectomy,! and could therefore have 2 entirely 
lifferent meanings. The term, ‘‘postnephrece- 


tomy arteriovenous fistula,’’ of course, implies 
a fistula between the stumps of the renal ar- 
tery and vein. 

The need for some standardization can 
quickly be appreciated by reviewing the lit- 
erature because of several, almost completely 
misleading titles.-* The term, ‘‘arteriovenous 
aneurysm,’’ commonly has been employed,*® 
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Fic. 6. Case 3. Pathologic findings. 

but since the fundamental lesion is a fistula, 
not an aneurysm, ‘‘clarity is lost and confu- 
sion is served by maintenance of other terms 
which have been used to indicate some of the 
manifestations of abnormal arteriovenous 


communication.’ ”® 


INCIDENCE 

The scarcity of reports suggests that arteri- 
ovenous fistulas in the kidney or the renal 
vessels when the kidney is present are rare. 
Several cases included in previous reviews 
of the literature and listed in the Quarterly 
Cumulative Index Medicus have not been in- 
cluded in this review for one reason or an- 
other. In the case reported by Hollingsworth! 
the diagnosis was not confirmed. This case, 
along with 2 others, actually represents a 
postnephrectomy arteriovenous fistula. From 
the clinical and physiologic standpoint, such 
fistulas resemble peripheral rather than renal 
arteriovenous fistulas and should not be in- 
cluded in a discussion of the latter. 

The case reported by Garritano and co- 
workers'’ is excluded also because the same 
case was reported by Kirby and associates"! 
a year earlier. 

The fact that 10 of the total 15 cases (in- 
cluding the present series) reported to date 


have been noted in the past 4 years indicates 
that arteriovenous fistulas of the kidney or 
renal vessels are much commoner than had 
previously been thought. 

Since the bruits produced by these fistulas 
are easily heard, we should like to suggest that 
auscultation be carried out over the renal 
areas in patients who have unexplained ear- 
diae enlargement, unexplained deformities of 
the kidney or renal pelvis or both, unex- 
plained cardiac failure, and hypertension. In 
this way fistulas may be detected in their 


early stages. 


ErioLocic ASPECTS 


The abnormal arteriovenous communica- 
tions in the kidney and renal vessels in the 
15 cases (including our 3 cases) were thought 
to be congenital in 6, and to be due to trauma 
in 6 and to malignant tumors in 3. 

Concerning 5 of the 6 cases listed as trau- 
matie in origin, there is little doubt as to the 
cause since, in 3, bullet wounds, in 1 a stab 
wound, and in 1 a surgical procedure involved 
the renal vessels. The cause was uncertain in 
only 1 of the 6 cases (table 2). 

Of the 6 arteriovenous fistulas listed as 
being of congenital origin, 2 were intra- 
renal,* '* and 4 were in the renal vessels.*: >-* 
All 6 patients had fistulas that were aneurys- 
mal in nature. 


Simple aneurysm of the renal artery seems 
to be much commoner than arteriovenous fis- 
tula. To May 1955, 120 cases had been re- 
ported.'® It is easy to visualize how such an 
aneurysm may erode its way into the renal 
vein while in the process of rupturing, with 


a fistula between the renal artery and vein as 
the final result. Additional support is given 
to this thesis by the fact that 2 of the 6 pa- 
tients with congenital fistulas were free of 
symptoms until they were 60 years of age 
or older.*;®> It is well known that one of the 
factors leading to the development of symp- 
toms from arteriovenous communications is 
the duration of the shunt. This makes sur- 
vival until age 60 years most unlikely unless 
the fistula is of more recent origin. 
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Varela’ 
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Pearse and 
MaeMillan® 


Adams” 


Hamilton 
aa 


Pélot et 


Vest® 


Baron and 


Koenemann™ 


Kirby 
et al.” 


Slominski- 


Laws et al." 


Myhre” 


Bohne and 
Henderson‘ 


This series 
Case 1 


Case 3 
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TABLE 2.—Summary of Cases in Literature 


Date, 
age, 
sex 


Presenting 
complaint 


1928 
28 M 


Severe dyspnea 


1942 
29 M 


Palpitation, 


dyspnea 


1947 
60 M 


Hematuria 
1951 
? 


1953 
29 M 


Severe dyspnea, 
cough, fatigue 


Dyspnea, cough 


Hematuria 


Headaches 


Dyspnea, 
weakness 


Dyspnea, edema 


Hematuria 


Dyspnea 


Palpitation, 
fatigue, 
sweating 


Abdominal pain, 
dyspnea 


1955 


39 F 


Hypertension, 
lump in 
abdomen 


Symptoms and 
findings 


Enlarged heart, 
failure, bruit 
rt. flank 


Enlarged heart, 
failure, bruit 
rt. flank 


Not given 


Not stated 


Marked pulm. 
edema, heart 


failure, bruit in 


left lumbar 

region 
Heart greatly 

enlarged ; 


gallop rhythm; 


bruit, grade 4 
retinopathy 


Hypertension, 
bruit in 
left flank 


Enlarged heart, 
bruit 


Heart enlarged 


Heart normal, 
bruit, pain in 
rt. flank 


Heart enlarged, 
bruit 


Heart enlarged, 
bruit 


Heart enlarged, 
heart failure 


Heart enlarged, 
heart failure 


(mm. Hg) 


Blood 
pressure 
Cause 


160/80 Congenital 


220/120 Congenital 


160/60 Congenital 


Congenital 
9 


180/110 Adeno- 


eareinoma 


170/92 


210/130 Bullet in- 


jury, 1952 


Nephro- 


lithotomy 


146/110 Stab wound 


180/60 Bullet 
wound, 
1952 


120/80 Congenital 


140/70 Adenoear- 


einoma 


Congenital 


174/84 Bullet 
wound 
1926 


180/80 Injury (?) 
1931 


206/110 Hyperne- 


180/100 phroma 


How 
diagnosed 


At necropsy 


operation 


operation 


operation 


operation 


operation 


operation 


y aortogram 


, aortogram 


By eardiae 
catheteri- 
zation and 
aortogram 


From 
aortogram 


At eathe- 
terization 
plus aorto- 
gram 

At eathe- 
terization 
plus angio- 
gram 


From 


aortogram 


Outcome: 
heart and 
blood pressure 


Died 


Normal; 
125/90 


Not stated 


Normal; 
140/90 


Normal; 


135/75 


Normal; 
120/80 


Normal; 
120/74 


Not stated 


Normal; 
(?) 
Normal; 
128/86 


Normal; 
130/80 


Elevated ; 
200/100 
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Further evidence is seen in our case 2. 
This patient was in good health until age 
29 years when symptoms developed, which, 
within 3 months, progressed to marked con- 
gestive failure. Such a picture is inconsist- 
ent with the concept of a life-long arterio- 
venous fistula. 

From the standpoint of renal carcinoma, 
it is probable that considerably more tumors 
result in abnormal arteriovenous shunts than 
the present figures would indicate. Careful 
auscultation with the stethoscope over the 
site of a renal tumor may well disclose a sig- 
nificant percentage of arteriovenous bruits. 
In the 3 cases of malignant tumor of the kid- 
ney! 5 in this series, including our case 3, 
erosion of the renal vessels by the tumor was 
the cause of the shunt. 


CLINICAL FEATURES 


Many of the clinical features noted in the 
15 cases of abnormal renal arteriovenous com- 
munication, which make up the world’s liter- 
ature to date, are summarized in table 2. Our 
3 eases are included. 

The most notable features are hypertension 
and cardiac enlargement with varying degrees 
of myocardial insufficiency. These 2 features, 
particularly the hypertension, tend to set 
these fistulas apart from arteriovenous fistulas 
in other parts of the body. Peripheral arterio- 
venous communications do not result in hy- 
pertension and do not commonly result in 
heart failure.'* Hypertension is truly a hall- 
mark of an arteriovenous fistula of the kidney. 
Dramatic relief of the cardiac failure, as well 
as of the hypertension following corrective 
surgical procedures, is equally characteristic. 

The blood pressure, which was recorded in 
12 of the 15 cases reviewed, was elevated in 
11. Preoperative and postoperative blood 
pressures were recorded in 9 eases, and in all 
but 1 the elevated pressure returned to nor- 
mal after operation. 

The size of the heart was recorded in 12 of 
the patients, and of these 11 had cardiac en- 
largement. Lowered reserve or heart failure 
was present in 12 of the 15 patients. The car- 
diac symptoms were relieved in every patient 
whose fistula was removed. 


In 6 cases the size of the heart was recorded 
both before and after operation. In 5 the 
heart regained its normal dimensions, and in 
1 it returned to almost normal size. 

In most eases the hypertension was asso- 
ciated with typical hypertensive changes in 
the retina, and in 1, the retinopathy was of 
the group 4 category.* A complete return 
of the ocular fundi to normal followed neph- 
rectomy in every case. 

The bruits associated with these arteriove- 
nous fistulas have the classic auscultatory fea- 
tures of fistulas in other parts of the body 
but differ somewhat in being widespread and 
diffuse and not sharply localized. A thrill is 
commonly palpable. So far as is known now, 
an easily detectable bruit is present in all 
such arteriovenous fistulas. 

Pain low in the abdomen was an occasional 
symptom, and gross hematuria was the pre- 
senting symptom in 3 eases. 

The urine may be normal, or it may contain 
considerable albumin, casts, and erythrocytes. 
Except for the first patient whose case is re- 
corded in the literature none of the patients 
had a tendency to elevated blood urea; the 
1 exception was in terminal condition at the 
time of diagnosis. 


DIAGNOSTIC PROCEDURES 

Excretory urograms were made for 12 of 
the 15 patients and showed abnormalities in 
11. In the twelfth case that was reported by 
Kirby and associates,'! the urogram showed 
nothing abnormal. 

The first instance in which the diagnosis 
was confirmed and the lesion was demon 
strated without the benefit of operation o 
postmortem examination did not oceur unti 
1954 when an aortogram demonstrated th 
presence of the lesion (our case 1). In th 
last 7 cases,* 1: 1415 including our eases, a 
aortogram or angiogram has demonstrated th 
arteriovenous fistulas described. 

Special catheterization procedures were ca! 
ried out in 3 instances. The demonstratio 
of arterialization of the inferior vena cave 
blood, and particularly of arterial blood fro 
the renal vein, should be considered diagno: 
tic. A marked reduction in the recireulé 








tion time as shown by the indicator-dilution 
test is characteristic of arteriovenous shunts. 
Increased cardiac output should be demon- 
strable. 

The indicator-dilution curves in arteriove- 
nous fistulas of the kidney were studied re- 
cently by Fox and Wood.'* Preoperative and 
postoperative curves shown in figure 7 are 
part of the catheterization study done in our 
case 1. 

PATHOPHYSIOLOGIC FEATURES 


The overloading of the circulation because 
of high cardiae output is characteristic of ar- 
teriovenous fistulas from the renal as well as 
from the peripheral vessels. The blood volume 
is inereased. The pulse pressure becomes 
widened through lowering of the diastolic 
pressure in peripheral arteriovenous fistulas 
and through increase in systolic pressure and 
a relative lowering of the diastolic pressure 
in arteriovenous fistulas of the kidney (table 


2) 


The degree of alteration of the circulatory 
dlynamies is proportioned to the size of the 
fistula, the gradient of pressure, and the 
length of time the fistula has been present. The 
factor of size is demonstrated by a patient 
who had a large fistula between the abdominal 
aorta and the inferior vena cava. Only 3 
weeks elapsed between the trauma that caused 
the fistula and the development of severe in- 
tractable heart failure. 

There are several reasons for the commonly 
noted cardiac enlargement and heart failure 
in eases of renal arteriovenous fistulas. The 
pressure as well as the pulsatile character of 
the arterial blood in the renal artery distal 
'o the fistula is decreased and with it the rate 
f flow to the kidney.'* This gives an effect 
similar to that seen in a Goldblatt kidney, 
ind hypertension almost invariably results. 
\n atrophie renal cortex is characteristic, 
ind, at times, has been associated with hydro- 
iephrosis. 

With the development of hypertension, the 
ressure gradient across the fistula is in- 
reased, and a vicious cycle is established. The 
iypertension augments the flow through the 
istula, which tends to cause further increase 
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SUPERIOR VENA CAVA ae 


Fig. 7. Case 1. Dilution curves recorded at the 
radial artery before and after repair of an arterio- 
venous fistula of the right renal vessels. 


in the cardiac output. The latter, in turn, 
presents more blood at increasing pressures 
to the fistulous tract. 

Of great significance in illustrating the im- 
portance of the renal factor in the production 
of hypertension, cardiac enlargement, and 
heart failure is the return of the blood pres- 
sure and the size of the heart to normal in 
almost every case following surgical removal 
of the kidney along with the fistulous tract. 


SUMMARY 

Only 5 reports of cases of renal arteriove- 
nous fistula appeared before or in 1953. 
Subsequently, 7 isolated reports brought the 
total to 12, and the 3 that we are reporting 
make 15. 

In reviewing the subject, the classification, 
incidence, causation, clinical features, diag- 
nostic procedures, and pathophysiologic fea- 
tures were considered. Good evidence sup- 
ports the thesis that in cases of congenital 
arteriovenous fistula an eroding renal arterial 
aneurysm is etiologic. 

Outstanding clinical features were hyper- 
tension (to group 4) and myocardial insuf- 
ficiency ; these contrast markedly with fea- 
tures of the usual peripheral arteriovenous 
fistula. Dramatic relief of heart failure and 
lowered reserve followed corrective operation 
in every case in which these features were re- 
corded; relief of hypertension followed cor- 
rective operation in 11 of 12 eases in which 
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this feature was mentioned. A loud, diffuse, 
continuous bruit invariably was present. 

Preoperative and postoperative catheteriza- 
tion and indicator-dilution studies, angio- 
grams and aortograms are diagnostic measures 
emphasized in our 3 eases. Arterialization of 
blood in the vena cava, greatly increased ear- 
diae output, and markedly shortened recireu- 
lation times of the dye were found. Excretory 
urograms were abnormal in 11 of the 12 eases 
in which they were made. 

The mechanism producing hypertension ap- 
pears related to loss of pressure, decrease in 
flow, and loss of pulsatile character in the 
renal artery distal to the fistula, giving a 
Goldblatt-kidney type of end result. A vicious 
eyele of increasing hypertension followed by 
increasing flow through the shunt makes heart 
failure inevitable. 

Since 10 of the 15 cases were reported in 
the last 4 years, indicating that the lesion is 
commoner than previously supposed, we ad- 
vise auscultation over the renal regions in 
patients with cardiac enlargement or failure 
of unknown causation, unexplained deformi- 
ties in urograms, and renal tumors. 


SUMMARIO IN INTERLINGUA 

Solmente 5 reportos de arterio-venose fistula 
renal esseva publicate ante o in 1953. Sub- 
sequentemente, reportos isolate augmentava 
le total a 12. Le 3 casos del presente reporto 
completa un total de 15. 

Es presentate un revista del thema, incluse 
le classification, le incidentia, le causation, le 
characteristicas clinic, le technicas diagnostic, 
e le aspectos pathophysiologic. I] existe forte 
indicationes in supporto del these que in casos 
de congenite fistula arterio-venose, un eroden- 
te aneyrysma reno-arterial es le factor etio- 
logic. 

Eminente aspectos clinic esseva hyperten- 
sion (a gruppo 4) e insufficientia myocardial. 
Istos contrasta marcatemente con aspectos del 
usual fistulas arteriovenose peripheric. Un 
dramatic alleviamento del disfallimento car- 
diae e del reducite reserva sequeva le chirur- 
gia corrective in omne casos in que le mentio- 
nate aspectos esseva presente. Alleviamento 


del hypertension sequeva le chirurgia correc- 
tive in 11 del 12 casos in que iste aspecto es- 
seva mentionate. Un forte, diffuse, e continue 
ruito esseva presente in omne casos. 

Studios de catheterismo pre- e postopera- 
tori e studios a dilution de indicatores si ben 
como angiogrammas e aortogrammas es mesu- 
ras diagnostic de importantia sublineate in 
nostre 3 casos. Esseva constatate arteriali- 
sation del sanguine in le vena cave, mareate 
augmentos del rendimento cardiac, e multo 
reducite tempores de recirculation del tine- 
tura indicatori. Urogrammas excretori es- 
seva anormal in 11 deL-12 casos in que illos 
esseva effectuate. 

Le mechanismo que produce le hypertension 
pare esser relationate a perdita de tension, 
reduction de fluxo, e perdita de character pul- 
satil in le arteria renal distal al fistula, re- 
sultante in un effecto termin 1 del typo de 
ren de Goldblatt. Un cireulo vitiose de eres- 
cente hypertension sequite per un fluxo 
crescente via le derivation rende le superve- 
nientia de disfallimento cardiac satis inevi- 
tabile. 

Viste que 10 del 15 casos esseva reportate 
in le passate 4 annos, lo que indica que le 
lesion es plus commun que previemente sup- 
ponite, nos recommenda auscultation supra le 
regiones renal in patientes con allargamento 
0 disfallimento eardiae de etiologia obseur. 
con non-explicate deformitates del urogram 
ma, e con tumores renal. 
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I think this truth must needs follow and be apparent to all men. 
1. First, That the blood is continually, and without any intermission, transmitted out 
of the vena cava into the arteries, in so great abundance, that it cannot be recruited by 
those things we take in, and insomuch that the whole mass of blood would quickly pass 
through. 


9 


In the second place, that continually, duly, and without cease, the blood is driven 


into every member and part, and enters by the pulse of the arteries and that in far 
greater abundance than is necessary for nourishment, or than the whole mass is able 


to furnish. 


3. And likewise thirdly, that the veins themselves do perpetually bring back this blood 


into the mansion of the heart. 


These things being prov’d, I think it will appear that it doth go round, is returned, 
thrust forward, and comes back from the heart into the extremities, and from thence into 


the heart again, and so makes as it were 


Motu Cordis, 1628. 


circular motion—WILLIAM Harvey. De 





Acute Reversible Heart Failure in Severe Iron-Deficiency 
Anemia Associated with Hookworm Infestation 
in Uganda Africans 


By K. Somers, M.B., B.Cu. (W’Ranp), M.R.C.P., D.C.H. 


Severe iron deficiency anemia is a common sequel to the heavy hookworm infestations 
prevalent in Uganda, and in some hypoxia can be so severe that heart failure supervenes. 
The clinical manifestations in 15 cases are described. Comment is made on reversible 


electrocardiographie changes. 


EVERE iron-deficiency anemia associated 
S with hookworm infestation is common in 
Uganda and during the year 1957, accounted 
for 114 or 5 per cent of all adult medical 
admissions, excluding pediatrics, into Mulago 
Hospital.? 

It is not intended in this communication to 
enter into the controversy over the role of the 
hookworm in the causation of the anemia,?~* 
but it can be stated at the outset that experi- 
ence at Mulago Hospital continues to confirm 
Lehmann’s findings® ‘ that iron alone will not 
cure the anemia and that, in addition, remov- 
al of the hookworms will result in a rapid 
improvement. 

Severe anemia from any cause may affect 
the heart by producing a hyperkinetic cireu- 
latory state with its manifestations of tachy- 
cardia, dyspnea, and edema.* These are com- 
monplace findings in severe anemia associated 
with hookworm infestation seen at Mulago. 
Furthermore, congestive failure due to the 
anemia is not uncommonly seen and this re- 
port is concerned with a study of heart fail- 
ure in patients with severe anemia associated 
with heavy hookworm infestation. 


MATERIAL AND METHODS 


Diagnosis. It is difficult clinically to recognize 
congestive failure in severe anemia for the usual 
signs may have other interpretations. Thus, a 
raised venous pressure may be part of the physio- 
logic mechanism maintaining a high cardiac out- 
put as shown by MeMichael,® and edema is com- 
mon in uncomplicated anemia. Failure ean only 
be diagnosed on a careful consideration of these 
signs as well as orthopnea, paroxysmal cardiac 
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dyspnea and pulmonary edema, enlargement and 
tenderness of the liver, and gross cardiae enlarge- 
ment with diastolic gallop rhythm. 

In the eases selected for study, a diagnosis of 
anemia associated with hookworm infestation was 
arrived at only where severe iron-deficiency anemia 
was associated with evidence of occult blood and 
hookworm ova in the stool and by the exclusion 
of other possible causes of anemia, e.g., esophageal 
varices associated with portal hypertension, ma- 
laria, and sickle-cell disease, all commonly en- 
countered conditions in Uganda. Trowell’s dictum!’ 
that the diagnosis of hookworm anemia ean be 
absolute only in retrospect when the patient is 
discharged, fit and cured, was always borne in 
mind. 

At physical examination, a careful note was 
made of findings in the cardiovascular system, 
and a total of 15 eases (table 1) were selected 
in whom there was no doubt about the presence 
of congestive failure and in whom no other con- 
comitant cause for heart failure could be dis- 
covered. In each ease with failure an x-ray of 
the chest and an electrocardiogram were taken 
before and after treatment. Hemoglobin levels 
were estimated weekly throughout stay in hospital. 
Treatment consisted of oral 
and intramuscular iron (‘‘Imferron’’), trans- 
fusions in severely ill cases if blood was avail 
able, and digoxin in desperate cases of failure 
A low-salt ward diet was prescribed and pa 
tients were dewormed with tetrachlorethylen 
at hemoglobin levels of 45 per cent (6.3 Gm. 
100 ml.) or over. A single dose was sufficien 
but in 3 cases (eases 6, 10, and 12) a secon 
dose was necessary because of the persistin; 
worm load as judged from the continue 
presence of ova in the stools. 

Observations. Of the 15 cases studied, 1' 
were male and 5 female, which roughly r 
fleets the ratio of intake at Mulago Hospital 
Their mean estimated age was 26.3 years 
with a range of 5 to 50 years. The patient 


Treatment. 
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REVERSIBLE HEART FAILURE IN ANEMIA 


belonged to various tribal groups found in 
Kampala. Six were Ganda and 5 of the 
Ruanda-Urundi group. 

An attempt to assess the duration of anemia 
iad to be given up because the information 
»btained was unreliable. More accurate ac- 
‘counts of the duration of heart failure were 
ioted when a definite immediate history of 
rthopnea, paroxysmal cardiac dyspnea, or 
spontaneous pain in the right hypochondrium 
lue to hepatic distention was obtainable. On 
such estimates the duration of failure aver- 
ied 4.7 weeks, with a range of 1 to 8 weeks. 
None of the patients complained of symp- 
oms of angina, which is perhaps analogous 
0 the absence of coronary disease in the Afri- 
‘an in Uganda. Palpitations with discomfort 
i the left chest were, however, common com- 
plaints. 

All the patients had systolie murmurs over 
the left sternal border or at the apex which 
either improved or disappeared after treat- 
iment. No diastolic murmurs were heard in 
any of the series. A diastolic gallop was heard 
in nearly all cases. 

Investigations. The hemoglobin on admis- 
sion averaged 19 per cent (2.7 Gm./100 ml.) 
ind ranged from 8.1 to 33.3 per cent (1.1 Gm. 
0 4.6 Gm./100 ml.). Of the 12 cases whose 
lectrocardiograms were taken, 9 showed ab- 
ormalities that reverted to normal after 


‘eatment. <All the cases showed radiologic 


TABLE 1.—Clinical Data in Five Cases 


Duration 
of Hemo- 
chronic globin Electro- 
congestive on cardio- 
failure admission graphic 
Age (wks.) % (Gm.) changes Result 

M 40 4 14 (2.0) { Cure 
F 22 ? 26 (3.6) Death 
M 26 8 Ee (18 Cure 
F —15* NT Death 
F 24 ) 27 (3. Death 
M ‘ 33 (4.6 Cure 
M a CES + Death 


1 
M : 14 (2. . Cure 


F 21 (2.9) Absconded 
10 M : 15 (2. Cure 
1] M Le. CS: Cure 
I M i 29 E } Cure 
13 M : ? 16 (2.5 ‘ Cure 
14 F 2% ? 26 (3. . Death 


15 M ; 8 Abseonded 


*Clinieal estimate. 
NT = not taken. 


evidence of generalized enlargement of the 
heart and the reduction in size after treat- 
ment in case 6 is shown in figure 1. Two 
cases had pulmonary atelectasis followed by 
complete reexpansion in one (case 6) and re- 
current pneumonia in the other (case 10) but 
in neither was it felt that atelectasis or infec- 
tion contributed to the heart failure. 
Necropsy Findings. Of the 5 deaths, + were 
preceded by sudden collapse within a few 


hours of admission. Three were examined 


Fig. 1. Skiagrams showing general cardiae enlargement in cases 6 and 8. A. Before treat- 
ment; collapsed right upper lobe. B. After treatment of anemia, 
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postmortem and in each ease necropsy re- 
vealed a hookworm count of more than a 
thousand. All the internal organs showed 
marked pallor. The chambers of the heart, 
especially the left ventricle, were dilated and 
the heart muscle in 2 cases (cases 14 and 15) 
showed thrush-breast streaking. No coexist- 
ent cardiac lesions or evidence of endomyo- 
cardial fibrosis, a common cause of heart fail- 
ure deseribed from  Uganda,!! '* 3! was 
detected in any case. Pulmonary edema was 
noted in aii the cases examined. 


DISCUSSION 

ILeart failure due to anemia is rare in West- 
ern communities, and Porter and James! go 
so far as to state that if failure does occur in 
an anemic patient, the coexistence of an in- 
trinsic cardiovascular disease is almost cer- 
tain. In the East however, chronie severe 
anemia is known to be a not uncommon cause 
of heart failure.’*.'® Likewise in Africa, 
Beet!* has noted the frequent complication of 
heart failure in anemia occurring in Nigeria. 
In the study by Sanghvi et al.’® in India of 
60 cases of severe anemia due to various 
causes, 20 were complicated by heart failure. 
In the majority the anemia was ascribed 
either to chronic malaria or hookworm infes- 
tation. In the Mulago series, evidence in 
favor of hookworm as the sole causative factor 
has been overwhelming, and malaria seems 
unimportant in the development of the ane- 
mia, 

It is interesting to speculate why only a 
small number of our severely anemic patients 
develop heart failure. The answer lies per- 
haps with the chronicity rather than the sever- 
ity of the anemia, an impression that seems 
logical in the knowledge that nutritional de- 
generative changes may occur in the cardiac 
muscle as a result of chronic hypoxia, re- 
ducing its reserve and predisposing to heart 
failure. If retrospective histories of weakness 
and tiredness could be relied upon to suggest 
the duration of anemia, what is now only a 
clinical impression might be confirmed fur- 
ther. In practice, however, the interrogation 
for such symptoms proved worthless and had 
to be abandoned. 


SOMERS 


V6 | 


Fic. 2. Electrocardiograms of case 3 showing lov 
voltage and flat or inverted T wave in all lead 
before treatment and improvement after correctio 
of anemia, 


The factors of malnutrition and thiamin 
deficiency might be suggested as possible fa: 
tors in the causation of heart failure in thes 
cases. In our hookworm series, howeve 
treatment with adequate diet, iron and viti 
mins alone will not cure. Moreover, the sy) 
dromes of nutritional heart disease!® a1 
those amenable to thiamine,'® deseribed fro 
South Africa, are different in that anemia 
not a striking feature of the illness. 

Sanghvi et al.'® noted electrocardiograph 
changes in all theiy cases of severe anem 
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with heart failure. In the series presented 
here, 12 had cardiograms taken, of whom 9 
showed unequivocal abnormalities. The faults 
shown consisted of low voltage, depressed S-T 
segments, or flat or inverted T waves in left 
ventricular surface leads or their equivalents. 
As the anemia improved under treatment, 
these faults, as classically observed,?° were 
also corrected (fig. 2). 

The high mortality figure is alarming. 
Characteristically, death was preceded by a 
sudden unexpected collapse for which no 
cause could be found at necropsy. Doubtless, 
most of these cases might have been saved by 
early blood transfusions, if blood was avail- 
able immediately, and whenever possible it is 
now our policy to treat with packed-cell 
transfusions whenever compatible blood is 
available. It is not generally easy to obtain 
donor blood in Kampala. 

The finding of hookworm loads in excess of 
1,000 at necropsy and Tasker’s findings* of a 
hlood loss of 0.1 ml. of blood per worm per 
day makes the problem of hookworm disease 
in general more important than its cardio- 
vascular effects suggest. 

I am indebted to Dr. Grusin'® for the 
description ‘‘acute reversible heart failure in 
\fricans’’ which I have borrowed for the title 
of this paper because it brings to mind the 
essentially preventable and curable aspects 
f another cause of heart failure in Africa. 


SUMMARY 

Fifteen cases of acute reversible heart fail- 
ire associated with severe hookworm anemia 
iave been studied. Clinical signs are dis- 
ussed with special reference to the diagnosis 
f cardiae failure and reversible electrocardio- 
‘raphie abnormalities before and after treat- 
ent. 
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SUMMARIO IN INTERLINGUA 


Esseva studiate 15 casos de acute reversibile 
sfallimento cardiac, associate con sever ane- 
ia per strongylidas. Le signos clinic es dis- 
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cutite con referentia particular al diagnose de 
disfallimento cardiac e al reversibile anorma- 
litates electrocardiographic ante e post le 
tractamento. 
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Studies of Blood Coagulation and Fibrinolysis in Patients 
with Idiopathic Hyperlipemia and Primary 
Hypercholesteremia before and after a Fatty Meal 


By Savu I. Nirzpere, M.D., M. ANtnony PeymMan, D.M., M.R.C.P., 


RoBerT GOLDSTEIN, M.D.. AND SAMUEL PrROGER, M.D. 


In view of the current interest in the possible relationship between elevated serum 
lipid levels, increased coagulability of the blood (or decreased blood fibrinolysis) and 
ischemic heart disease, the clotting and fibrinolytic activity of the blood were studied 
before and after a fatty meal in 9 patients with idiopathic hyperlipemia, 10 patients 
with primary hypercholesteremia, and 10 normal subjects. Six patients had evidence 
of coronary heart disease. The methods of study included procedures designed to assess 
the over-all coagulability of the blood as well as the measurement of -specifie clotting 
factors. Blood fibrinolytic activity was measured by both direct and indirect methods. 
Serum lipid studies were performed simultaneously. 


URING recent years, increasing attention 

has been paid to the role of the serum 
lipids in the development of atherosclerosis 
with particular reference to coronary athero- 
sclerosis. There has also been much discus- 
sion concerning the possible significance of 
the state of coagulability of the blood in the 
pathogenesis of coronary atherosclerosis since 
the suggestion by Duguid! * that atheroscle- 
rotic plaques may be derived from mural 
fibrin thrombi. Indeed, it has even been pos- 
tulated that intravascular coagulation is a 
constant process and that small fibrin strands 
are being continuously deposited on the vas- 
cular. endothelium only to be removed by the 
naturally occurring process of fibrinolysis.*: 4 
According to this concept, any shift in such 
a delicate equilibrium toward either an in- 
crease in blood clotting activity or a decrease 
in blood fibrinolytic activity would allow ex- 
cessive deposition of fibrin even to the extent 
of causing complete vascular occlusion. Some 
workers” ® have contended that hyperlipemia 
may disturb this balance, leading not only to 
acceleration of blood clotting but also to re- 
tardation of blood fibrinolysis. Most of the 
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previous reports in this field, however, have 
been based upon evaluation of the clotting 
and fibrinolytic activity of the blood either 
after the ingestion of a fatty meal in normal 
subjects or after the additign of fat to plasma 
in vitro." So far only a single report is 
available regarding blood coagulation activ 
ity in patients with abnormal lipid metabo 
lism in whom hyperlipemia or hypercholes 
teremia, or both, exist as part of an inherent 
disease process.!° In these patients a high 
blood lipid level is present even in the fasting 
state. 

It was therefore decided to study the clot 
ting and fibrinolytic activity of the blood in 
a selected group of patients with idiopathic 
hyperlipemia and primary hypercholesteremia 
(including those with familial xanthomato- 
sis) before and after a fatty meal. Moreover, 
investigation of these patients seemed of ac- 
ditional interest, since many of them develop 
widespread atherosclerosis and early coronary 
disease. Observations on this unique grou) 
of patients might be of value in defining t! e 
relationship between elevated serum lip | 
levels (i.e., hyperlipemia or hypercholeste! 
mia), increased coagulability of the blo 4d 
(or decreased blood fibrinolysis), and ischen ¢ 
heart disease. 


MATERIAL AND METHODS 
The subjects were divided into 3 groups. 1 
first group consisted of 9 patients with idiopat 
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hyperlipemia, a disorder of fat metabolism, usually 
familial, characterized by lactescent serum and 
high concentrations of triglycerides in the fasting 
state, with or without high serum cholesterol and 
phospholipid levels. There were 7 males and 2 
females in this group, ranging in age from 25 to 
> years. Cases 1, 3, and 9 had _ extensive 
xanthomatous lesions. Cases 1, 3, and 5 had elin- 
ical and electrocardiographie evidence of ischemic 
heart disease, amounting in ease 1 to acute coro- 
ary heart disease without major infaretion. 

The second group was composed of 10 patients 
with primary hypercholesteremia, a disorder of 
fat metabolism, frequently familial, characterized 
by clear serum with high concentrations of cho- 
lesterol in the fasting state. There is usually a 
concomitant elevation of the serum phospholipid 
levels. None of the patients in this series showed 
evidence of diabetes mellitus, nephrosis, or myx- 
‘dema, There were 5 males and 5 females in the 
ivpercholesteremic group, ranging in age from 


Db 
)- 


27 to 61 years. Cases 10, 11, 13, 17, and 18 had 
extensive xanthomatous lesions. Cases 10, 17, and 
IS had clinical and electrocardiographie evidence 
of ischemie heart disease amounting in cases 10 
and 17 to aeute coronary heart disease without 
major infarction. 

Ten normal control subjects comprised the third 
vroup (8 males and 2 females, ages 19 to 39). 
lhe subjects in this group were chosen for the 
following reasons: (1) relative youth, (2) clear 
fasting serum with normal triglyceride and cho- 
lesterol levels, (3) absence of xanthomatous lesions, 
1) no evidence of ischemic heart disease. 

The subjects were instructed to fast after 10:00 
pan. and blood was drawn at 9:00 a.m. on the 
ollowing morning. They were then given a meal 
onsisting of 2 eggs, 3 strips of bacon, 2 pats of 
mtter, and 4+ ounces of 20 per cent cream along 
vith toast, cereal, and coffee; this meal contained 
) Gm. of fat. All subjects were supervised dur- 
ng the breakfast to ensure that the entire meal 
as consumed, = Postprandial blood specimens 
vere obtained 4 hours after ingestion of the meal 
uring the maximal lipemic effects.'6 Blood was 
ithdrawia by clean venipuneture with a 19-gage 
iliconized needle with use of the 2-syringe technic. 
slood obtained in the first syringe was used for 
ie determination of the serum lipids. The sub- 
quent blood was drawn into a chilled 30-ml. 
liconized syringe and a stop watch was started 

soon as the blood entered the syringe. Sub- 
quently 1.5 ml. of blood was withdrawn through 
ie same needle into a calibrated siliconized tuber- 
lin syringe for thrombelastography, a separate 
op watch being started as soon as blood entered 

e syringe. While a technician was emptying 
e blood from the large silicone syringe into the 






appropriate test tubes, one of the workers imme- 
diately placed 0.35 ml. of the blood from the 
tuberculin syringe into each of the 3 cuvettes of 
the thrombelastograph. The blood from the large 
silicone syringe was distributed as follows: (a) 
1.0 ml. into each of 6 siliconized test tubes for 
the whole blood clotting time, (b) 9.0 ml. into a 


chilled plastic tube containing 1.0 ml. of 2.5 per 
cent sodium citrate for spinning in the refrigerated 
centrifuge for 30 minutes at 4,000 r.p.m. to obtain 
platelet-poor plasma, (¢) 4.5 ml. into each of 3 
plain glass tubes containing 0.5 ml. of 0.1 M 
sodium oxalate for centrifuging at 1,500 r.p.m. 
for 10 minutes to obtain platelet-rich plasma. 


COAGULATION METHODS 

The prothrombin concentration of plasma was 
determined by the modified method of Owren as 
deseribed by Alexander.‘ A saline extract of 
acetone-dried human brain was used as the source 
of thromboplastin. Factor V (labile factor) 
activity was measured by determining the corree- 
tive effect on the prothrombin time of aged plasma 
(The substrate had normal values for prothrombin, 
factor VII, and fibrinogen.) Factor VII (S.P.C.A.) 
activity was measured by a modification of the 
Owren procedure.!® The plasma fibrinogen level 
was determined by the method of Ratnoff and 
Menzie as modified by Holburn.!? The normal 
fasting levels were between 200 and 400 mg. per 
100 ml. of plasma. The coagulation time of recal- 
cified plasma was performed on_ platelet-rich 
plasma and _ platelet-poor plasma: 0.1 mi. of 
0.9 per cent saline and 0.1 ml. of 0.02 M calcium 
chloride were added to 0.1 ml. of the respective 
plasmas and the clotting times were estimated 
in duplicate. The normal fasting values for the 
platelet-rich plasmas were between 75-105 seconds 
and for the platelet-poor plasmas were greater 
than 2 minutes. The error between duplicate 
samples was + 15 seconds (platelet-rich plasma) 
and + 30 seconds (platelet-poor plasma). The 
whole blood clotting time in silicone glassware 
(Lee and White method as modified by Merskey)*° 
was recorded as the mean of the clotting time in 
6 tubes (13 X 100 mm.). The normal fasting 
values for this test were 20 to 40 minutes. The 
prothrombin consumption of plasma and serum 
was determined as mentioned above. Serum for 
this test was obtained by reealeifying 0.5 ml. of 
platelet-poor plasma with 0.1 ml. of 0.1 M = eal- 
cium chloride. At the end of 1 hour 0.1 ml. of 
3.8 per cent sodium citrate was added and the 
serum was separated. The normal fasting values 
for this test were 30 to 75 per cent. The heparin 
tolerance test was performed as described by 
Soulier and Le Bolloch.2!_ The end-point in the 
fourth tube was used for comparison of the clot- 
ting ability of the fasting and_ postprandial 
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plasmas in the presence of heparin. The normal 
fasting clotting time in the fourth tube ranged 
between 10 and 14.5 minutes. Thrombelastography. 
A Hellige thrombelastogram was employed, deter- 
minations being performed on whole blood accord- 
ing to the method of Hartert.2? The 3 components 
of the thrombelastogram that reflect the coagula- 
bility of the blood are 1. “R” (reaction time) 
indicating the period from the entry of blood into 
the syringe to the initial formation of fibrin in 
the euvette. The normal fasting values were be- 
tween 9.0 and 11.5 minutes. 2. “K” indicating 
the interval from the end of “R” to the end-point 
of the clot formation. The normal fasting values 
were 5.0 to 6.75 minutes. 3. “MA” (maximal 
amplitude) measuring the elasticity of the clot. 
The normal fasting values were between 46 and 
50 mm. Shortened “R” and “K” values and 
lengthened “MA” values indicate inereased coag- 
ulability of the blood. The thromboplastin genera- 
tion test as originally modified by Hicks and 
Pitney?* was further modified as follows: 1. 
Platelet-poor plasma was used. 2. Inosithin was 
diluted in saline in a concentration of 0.5 mg./ml. 
to determine the poteney of this thromboplastic 
material. 3. The test was repeated by further 
diluting the previously prepared Inosithin to 1 
in 150 of veronal-buffer-isotonie saline mixture 
at pH 7.4. Clotting times were determined at 
1-minute intervals for 15 minutes. With normal 
fasting plasma, clotting times of 8 to 10 seconds 
were obtained after 10 minutes of ineubation. 
The Inosithin was diluted in order to increase 
the sensitivity of the test. 4. The thromboplastin 
generation test was also determined without the 
addition of any foreign thromboplastiec material 
in order to detect thromboplastic activity in the 
plasma were such present. Clotting times were 
determined at 5-minute intervals for 30 minutes. 
Fasting clotting times ranging between 20 and 
50 seconds were obtained after 15 to 25 minutes 
of incubation. This procedure was performed at 
37 C. The 1-stage prothrombin time (Quick’s 
method).°* A saline extract of acetone dried 
human brain was used as the source of thrombo- 
plastin. The normal fasting values were between 
12 and 14 seconds. The Stypven time (Russell 
viper venom test). Russell viper venom (Stypven) 
yas diluted 1 in 10,000 with 0.9 per cent saline; 0.1 
ml. of platelet-poor plasma diluted 1:2 with 0.9 
per cent saline was incubated at 37 C. with 0.1 ml. 
of the previously prepared Stypven, and after 1 
minute 0.1 ml. of 0.02 M ealcium chloride was 
added, and the clotting time was determined in 
duplicate. All determinations were performed 
immediately after the plasma was obtained. The 
normal fasting values were between 20 and 30 
seconds. 


FIBRINOLYSIS METHODS 


Two methods were employed. Method 1 meas 
ured the fibrinolytic activity of blood as describe: 
by Fearnley et al.25 Method 2 measured the pro 
fibrinolysin activity of plasma. A modification o1 
the method described by Loomis*® was used: 0.1 
ml. of bovine thrombin (Upjohn) containing 5( 
units per ml. and 0.5 ml. of citrated platelet-poo 
plasma were added in rapid succession to 0.1 ml 
of Varidase (Lederle Laboratories) containin; 
2,000 units of streptokinase per ml. and th 
resulting mixture was incubated at 37 C. Te 
seconds after the reagents had been thorough): 
mixed, at which time a clot had already formed 
an open-ended capillary tube was inserted per 
pendicularly into the bottom of the clot. Th 
tube was left undisturbed in a glass water bat! 
at 37 C. Onee fibrinolysis had begun, the liquefie: 
plasma ascended into the capillary tube. Th 
end-point was taken at the instant that the liquir 
level in the capillary tube reached the upper surface 
of the clot. Normal fasting values ranged be 
tween 60 and 80 seconds. 

The 2 methods employed in the estimation o 
fibrinolytic activity of the fasting and postprandia 
plasma differed not only in their technic but als: 
in that they measured separate phases of th 
fibrinolytic process. The lysis time as measured 
by the Fearnley technic (method 1) essentiall) 
reflects the concentration of free or active fibrino 
lysin in freshly shed blood. Method 2 does not 
measure fibrinolysis directly but rather expresses 
the concentration of the precursor of fibrinolysin 
present in the plasma which, in the presence of 
streptokinase, becomes converted to fibrinolysin. 
This activated lysin is independent of the free 
fibrinolysin normally present in the plasma inas- 
much as the latter type is neutralized, upon stand- 
ing, by the plasma antifibrinolysin. It is evident, 
therefore, with method 1 a longer fibrinolysis time 
following the fatty meal is indicative of inhibition 
of fibrinolysis, whereas a shorter fibrinolysis time 
signifies that fibrinolysis has become accelerated 
postprandially. The interpretation of results is 
more difficult when method 2 is used and the 
following scheme is presented for clarification of 
the problem. 


streptokinase 


proactivators ——————> activators 


profibrinolysins ~~» fibrinolysins 
(plasminogen ) (plasmin ) 


fibrin clot —————————>  produets 
fibrinol; 
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TABLE 1.—Fasting and Postprandial Values of Silicone Clotting Time, Thrombelastography, 
Heparin Tolerance, and Prothrombin Consumption 
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**¢MA’’ values were always between 46-50 mm. 
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“hus with this method prolongation of postpran- 
«al lysis could imply one of the following: 

decrease in the level of pro-activators or pro- 
2. Inhibition of activation of pro- 

tivators or inhibition of activation of fibrinoly- 

ns. 3. Inhibition of lysis of the fibrin clot. 
.n inerease in plasma fibrinogen concentration. 
“ie error between duplicate samples was con- 
lered to be + 20 minutes with method 1 and + 
seconds with method 2. 


9.30 


a 


4. 


The degree of significant 


with 


: teration in the postprandial fibrinolysis time 
uld not be established 
‘tthod 1, since the individual variability in the 
sting state was very marked (i.e., between 3 
With method 2, the significant 
# eration in the fibrinolysis time following the 
t tty meal was taken to be + 15 seconds. 


certainty using 


“Thrombelastography* ||. Heparin Prothrombin 
Case Silicone clotting tolerance consumption 
no. Age Sex time (min.) _R Min. K Min. (min.) ee OO 
F PP F PP e, PP ae: Sle PP_ 
Patients with idiopathic hyperlipemia 
1 37 M 24 23.5 11.4 11.5 6.75 7.9 10.5 15 62 68 
2 4 M 30 23 — —- — ~- 10 8 -— — 
> 47 PF 24 23.5 9.2 8.7 5.2 5.3 10 9.5 62 67 
4 2 M 36 31 10.4 10.4 6.0 5.25 10 9.5 74 37 
5 655 F 42.5 29 11.5 11.25 5.6 5.0 15 12 69 75 
6 40 M 30 29 10.2 10.25 6.3 5.75 9.5 8.5 Tt 73 
7 32 M 23 25 9.25 9.2 5.1 5.25 12 11.5 73 67 
8 38 M 27.5 27.5 11.5 9.9 5.2 4.75 10.5 9.5 44 37 
9 44 M 22 25.5 11.25 10.7 5.5 5.25 8 13.5 73 59 
Patients with primary hypercholesteremia 
10 27 F 60 32 10.75 10.3 5.0 5.0 12 5 68 54 
11 35 F 31 34 9.8 9.75 5.2 5.0 12 15 74 64 
12 47 ¥ 24 27 9.6 9.5 5.75 4.5 15 12 48 33 
13 45 M 24 41 9.9 8.7 5.25 4.9 8. ) 
14 50 M 29 28 10.25 9.5 4.9 5.1 12. 
1531 M 29 22 11.0 10.75 6.9 6.5 11 
16 «54 F 27 23 10.25 5.4 5.4 5.25 15 
17 37 F 40 35.5 10.5 6.8 6.8 an 11 
18 29 M 21 24 9.8 5.2 5.2 5.25 15 
19 +61 M 21 19.5 9.4 6.5 6.5 545 123 


5.2 5.0 14 13.5 47 47 
6.1 6.0 11 10 53 62 
6.1 6.2 3 12 57 72 
6.0 5.7 12 10 71 70 
5.8 6.1 125 12 57 66 
6.25 6.1 13.5 10 45 51 
6.5 6.3 10 10 48 33 
6.75 6.1 8.5 7.5 72 60 
6.1 6.8 14 13 31 42 
5.7 5.8 13 10.5 36 61 


CHEMICAL METHODS 

The serum cholesterol and cholesterol esters were 
determined by the method of Schoenheimer and 
Sperry.2* The lipid phosphorus was obtained by 
extracting the serum with Bloor’s reagent and 
petroleum ether. The lipid phosphorus was con- 
verted to inorganic phosphorus by digestion and 
the inorganic phosphate so obtained was meas- 
ured by the procedure of Fiske and SubbaRow.?8 
A factor of 25 was used to convert the lipid 
phosphorus to phospholipids. The total serum 
fatty acids were determined by the method of 
Stoddard and Drury?® and the total serum lipids 
by the gravimetric method as described by Peters 
and Van Slyke.2® The serum triglycerides were 
not determined directly but were caleulated by 
means of the following formula. ‘Triglycerides 
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mg. per cent = fatty acids mg. per cent — 0.7 
(cholesterol esters mg. per cent + phospholipids 
mg. per cent). The serum beta lipoproteins were 
determined by the nephelometric method of Bern- 
field et al?! The serum turbidity was determined 
by means of the Coleman Junior spectrophotometer 
at a wavelength of 620 my, with the instrument 
set to zero optical density with a clear normal 
serum sample. 
RESULTS 

Blood Coagulation and Serum Lipid Data 

The results of the coagulation studies in 
the 3 groups of subjects were divided into 2 
main categories. 

Category 1 was composed of the results of 
those tests that measure specific coagulation 
factors. These consisted of the prothrombin 
concentration of plasma, factor V (labile fac- 
tor) activity, factor VII (S.P.C.A.) activity, 
and the plasma fibrinogen level. The values 
obtained for these factors were within normal 
limits in the fasting state and remained essen- 
tially unchanged after the fatty meal in the 
3 groups of subjects. 

Category 2 comprised the results of those 
procedures that measure the over-all coagu- 
lability of the blood (or plasma) with or with- 
out the addition of thromboplastic material. 
These consisted of the coagulation time of re- 
calcified platelet rich and platelet poor plas- 
ma, the silicone clotting time of whole blood, 
the prothrombin consumption test, the hepa- 
rin tolerance test, thrombelastography, the 
thromboplastin generation test, the 1-stage 
prothrombin time, and the Stypven time. 

The results of the first 5 tests inclusive, 
performed without the addition of foreign 
thromboplastic material, were within normal 
limits in the fasting state and remained essen- 
tially unchanged after the fatty meal in the 
3 groups of subjects (table 1). 

The thromboplastin generation test gave 
essentially inconclusive results. In the fasting 
state, however, there appeared to be a tend- 
ency for the hyperlipemic and hypercholes- 
teremic groups to develop a more potent 


thromboplastin. Thus 6 of the 9 patients with 


hyperlipemia and 6 of the 10 patients with 
hypercholesteremia showed clotting times be- 
tween 20 and 35 seconds, whereas only 3 of 


the 10 normal subjects fell within this range. 
Postprandially there was even less difference 
between the normal subjects and the other 2 
groups of patients. 

The last 2 tests involve the use of thrombo- 
plastic material. The 1-stage prothrombin 
time, in which tissue thromboplastin was em- 
ployed, constantly gave normal results in the 
3 groups of subjects both before and after 
the fatty meal. On the other hand, the Styp- 
ven time, entailing the use of Russel viper 
venom as the thromboplastic agent, was the 
one coagulation test that almost always 
showed significant changes (i.e., acceleration ) 
in the presence of hyperlipemia either in the 
fasting state (i.e., patients with idiopathic 
hyperlipemia) or following the fatty meal in 
For this reason the 
results of this test are considered in detail 


all groups of subjects. 


below. 

As seen from table 2, the patients with 
idiopathic hyperlipemia were unique in that 
their fasting Stypven times were consider 
ably shorter than those of the other 2 groups 
Qn the other hand, the fasting Stypven times 
of the patients with primary hypercholestere 
inia fell within the normal range, even though 
they were slightly shorter than those of th: 
control subjects. The degree of postprandia| 
shortening of the Stypven time did not exceed 
4 seconds in the hyperlipemie and hypercho 
lesteremic groups, except for 1 patient in the 
former group (case 4) and 2 patients in the 
latter group (cases 12 and 18). In contrast 
7 of the 10 control subjects showed more tha 
4 seconds’ shortening after the fatty mea 
In an attempt to establish the postprandi: 
variability of the Stypven response, tests we! 
repeated on 3 additional days in 8 of the 
normal subjects. Although the response 
some of these subjects varied to a certa 
degree from day to day, in 70 per cent of i 
stances there was still more than 4 second 
postprandial shortening, a finding identi 
with the initial observations in this grov 
Thus it is clear that the change in the Sty 
ven time following a fatty meal was more p! 
nounced in the control subjects than in 1 
patients with hypercholesteremia or hype! 
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TABLE 2.—Fasting and Postprandial Values of Stypven and Fibrinolysis Times in Relation 


Stypven time lysis time 
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Sex F 
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PP F PP F 


Patients with idiopathic 
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Patients with primary 


31 
54 
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29 
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Normal 
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Groups Stypven time (sec.) 


Range Mean 


I.H.L. 


PH, 
NC. 


10.8—18.2 


18.0—29.7 


20.8—27.9 


f= Fasting. 
PP=Postprandial. 


of the 
the 
abnormal groups even though the patients 


wmia. The postprandial shortening 


‘typven time was essentially similar in 


vith hyperlipemia had such short Stypven 
imes in the fasting state (table 2). 
The invariably shortened Stypven times in 
ie fasting state in the .patients with idio- 
thie hyperlipemia would suggest a possible 
sociation with the lactescence of the serum 
the elevated levels of triglycerides present 


eon 
ee 


156 314 760 1206 510. 129 -340 


in this group, factors not encountered in the 


other 2 groups. However, careful scrutiny 
of the results of individual patients in this 
group (table 2) failed to show a strict corre- 
lation in the majority of cases between the 
fasting Stypven times and the serum trigly- 
ceride levels. A similar lack of strict corre- 
lation between the fasting Stypven times and 
the serum triglycerides was also evident in 
the other 2 groups of subjects, although here 
Fol- 


lowing the fatty meal, it is clear (table 2) 


again there was a general relationship. 


that every individual in the 3 groups showed 
some increase in the serum triglyceride levels 
and at the same time almost always developed 
a varying degree of shortening of the Stypven 
time. However, analysis of individual cases 
again failed to show a strict correlation be- 
tween the postprandial changes in the Styp- 
ven time and the serum triglycerides, 
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The data also show that the fasting fatty 
acid levels were moderately or markedly ele- 
vated in 8 of the 10 patients with hypercho- 
lesteremia, while in the control subjects they 
were all within normal limits. These levels 
seemed to a certain degree to parallel the 
mean values of the fasting Stypven times in 
the respective groups of subjects. Following 
the fatty meal, an increase in the serum fatty 
acids, as with the serum triglycerides, was ob- 
served in all subjects. However, analysis of 
individual cases showed no close correlation 
between the postprandial changes in the se- 
rum fatty acids and those of the Stypven 
time. 

During this study it became apparent that 
the Stypven time could to a certain extent 
be predicted by simple inspection of the se- 
rum. Thus a shortened Stypven time could 
be anticipated and was in fact always found 
in patients with idiopathic hyperlipemia who 
exhibited a lactescent serum in the fasting 
state, as well as usually in other subjects 
when their serum became turbid after a fatty 
meal. Similarly a clear serum was almost 
always associated with a Stypven time well 
within the normal range. These gross obser- 
vations were further substantiated when the 
serum turbidity values were subsequently de- 
termined with the spectrophotometer. Al- 
though this general impression was essentially 
correct, analysis of individual cases, particu- 
larly in the postprandial state, failed to sup- 
port the assumption that there was in fact a 
strict relationship between the turbidity of 
the serum and the length of the Stypven time. 

Table 2 indicates that there was no correla- 
tion in the majority of cases between the fast- 
ing Stypven times and the serum cholesterol 
or phospholipid levels. The serum cholesterol 
values showed a slight increase in a few cases 
postprandially and remained unchanged or 
decreased slightly in the remainder. The se- 
rum phospholipid levels increased after the 
fatty meal in approximately one third of the 
total number of subjects. The shortening of 
the postprandial Stypven times was inde- 
pendent of these lipid changes. 


There was no correlation between th 
Stypven time and the beta-lipoprotein level 
in any of the groups of subjects either in th 
fasting state or following the fatty meal. 


Blood Fibrinolysis Data 


Method 1. Determination of fibrinolyt 
activity by the Fearnley method.” There w: 
considerable individual variation in the fas 
ing fibrinolysis times (i.e., between 3 and 1] 
hours), although both the range of valu 
and the mean values of the fasting fibrinolys 
times were essentially similar in the 3 grou 
of subjects. Following the fatty meal ever 
subject in the series, with the exception of 
individual in each group, showed acceleratio 
of the fibrinolysis time to a greater or less: 
extent, but again the 3 groups behaved alik 

Although this method has the advantage : 
measuring the fibrinolytic activity of fresh! 
shed blood, it had certain limitations whe 
employed in this series. Thus there were 
wide differences in the fasting fibrinolysis 
times among the different individuals. Fur- 
thermore, although there was a definite post- 
prandial shortening of the fibrinolysis times 
in almost all individuals, it was difficult to 
assess the effect of the fatty meal inasmuch 
as these changes could have been the direct 
result of the fatty meal, or a reflection of the 
natural diurnal acceleration that was found 
by Fearnley et al.*° to exist in normal sub- 


jects. 


Method 2. Measurement of the profibrino!y- 
sin activity (streptokinase-induced fibrinoly- 
sis. The mean values of the fasting strep'o- 
kinase-induced fibrinolysis times were alm 
identical in the normal and hypercholest: 
mic groups (i.e., 68.1 and 67.7 seconds 
spectively) but were noticeably different 
the hyperlipemic group (i.e., 83.5 secon 
(table 2). In contrast to the results with 
method employing spontaneous fibrinol: 
(method 1) the majority of individuals 
hibited some prolongation of the stre} 
kinase-induced fibrinolysis times after 
fatty meal. However, even with this met! 
(method 2) the degree of postprandial | 
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igation was considered to be of significance 

only 4 subjects, inasmuch as the limits of 

mal variability were taken to be + 15 sec- 
ds. According to the same criteria 2 sub- 

‘ts showed significant shortening postpran- 

ally (table 2). 

In an attempt to establish the variability 

the fasting and postprandial fibrinolysis 

mes in the same individuals, this method 
is employed on 3 additional consecutive 
iys in 9 of the 10 normal subjects. These 
peat studies gave closely similar results for 

e range and mean values (i.e., 61 to 77 

id 68.0 seconds respectively) as compared 

ith the original values in the fasting state 

.e., 60 to 78 and 68.1 seconds respectively). 
‘There was a variation in the postprandial re- 
spense not exceeding + 5 seconds in any one 
individual from day to day. 

Regardless of the degree of inhibition of 
fibrinolysis by hyperlipemia, it is still un- 
certain at which stage the fat acts upon the 
various components of the fibrinolytic sys- 
tem. Since hyperlipemia was not assoeiated 
with a change in fibrinogen levels, any effect 
upon the fibrinolytic system could have been 
a result of any of the other 3 mechanisms 
stated above. 

The distinctly different fasting fibrinolysis 
times in the hyperlipemic group suggest a 
possible association with the high serum tri- 
elyceride levels, a feature not encountered in 

e normal and hypercholesteremie subjects. 

oreover, the slight postprandial lengthening 

the fibrinolysis time observed in the major- 
of individuals in this series was always 
companied by a rise in the serum triglye- 
de levels (table 2). However, although 

‘re appeared to be some association between 

‘ length of the fibrinolysis time and the 

el of serum triglycerides in the fasting 

te and postprandially in all groups, no 
ict correlation could in fact be found when 
lividual cases were analyzed. Similar ob- 
vations were made with regard to the fi- 
nolysis time and the serum turbidity in all 
ups of subjects. There was also some as- 
iation between the fibrinolysis time and the 
um fatty acids in the control and hyper- 


683 


lipemie groups, but this did not hold true 
for the hypercholesteremic group in which 
8 of the 10 patients had slightly elevated 
fasting fatty acid levels and yet showed nor- 
mal fibrinolysis times. There was no evidence 
in any individual of an association between 
the fibrinolysis time and the serum cholesterol 
or phospholipid levels either in the fasting 
state or postprandially. This is well exempli- 
fied by the results in the hypercholesteremic 
group, in which high serum cholesterol or 
phospholipid levels were accompanied by es- 
sentially normal fibrinolysis times in the fast- 
ing state. Finally, inspection of table 2 shows 
that there was no association between the 
fibrinolysis time and the beta-lipoprotein lev- 
els in any of the groups of subjects either 
before or after the fatty meal. 
DiscussION 

The effect of hyperlipemia on blood coagu- 
lation is still the subject of much controversy. 
It is probable that the lack of uniformity of 
coagulation technics employed by various 
workers in this field is one reason for this 
difference of opinion, although in fact con- 
flicting results have been reported even when 
identical methods have been used. Moreover, 
even if the serum lipids do exert some effect 
on coagulation, their actual mode of influence 
is still unknown. In this respect, some of the 
coagulation tests utilized in this series were 
those that are generally considered to reflect 
the over-all coagulability of the blood, while 
others were chosen because they are known 
to measure specific factors that participate in 
the various stages of coagulation. It is there- 
fore of interest that almost all the coagulation 
tests employed in this study failed to provide 
any definite evidence of a constant trend 
toward increased coagulability of the blood 
either in the fasting state or after the inges- 
tion of fat, even in those patients with idio- 
pathic hyperlipemia or primary hypercholes- 
teremia. One of these tests, the silicone clot- 
ting time, has been a particular source of 
disagreement. Thus a number of workers, 
including Waldron and Nichols,‘ Fullerton 
et al.,6 O’Brien,® Buzina and Keys,’® and 
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Mustard!! contended on the basis of their ex- 
periments that alimentary hyperlipemia pro- 
duces shortening of the whole blood clotting 
time in nonwettable glassware in normal sub- 
jects while others such as Tulloch et al." 
Merskey and Nossell,*’ although O’Brien® and 
Borrero et al.,** were unable to confirm these 
results. Another test essentially uninflu- 
enced by alimentary hyperlipemia in this 
series was the coagulation time of recaleified 
plasma. This is in aeeord with the work of 
Merskey and Nossell,*" although O’Brien® and 
Pilkington*’ using this test were able to dem- 
onstrate acceleration of coagulation following 
the feeding of fat to normal subjects. A 
technic which is being increasingly used in 
blood coagulation studies is that of thrombe- 
lastography, and according to some authors 
it may be of considerable value in the detec- 
tion of When 
thrombelastography was employed in_ this 


thrombophilic states.36: 3° 
study, however, there was no evidence of a 
trend toward hypercoagulability of the blood 
in any of the groups of subjects, either before 
or after the ingestion of fat. In this regard, 
Nitzberg et al.**? were previously unable to 
demonstrate consistent acceleration of the 
whole blood clotting time in normal subjects 
during alimentary lipemia, when this method 
Recently Sheehy and Eichel- 
employing this technic in 30 healthy 


was used. 
berger,®® 
soldiers, were likewise unable to find consist- 
ent evidence of hypercoagulability following 
the ingestion of fat. 

The Stypven time was the only coagulation 
test in this series that was constantly altered 
in the presence of hyperlipemia. Thus there 
was acceleration of the Stypven time to a 
greater or lesser extent in all groups of sub- 
jects following the fatty meal. This is in 
agreement with the results of several workers 
including Fullerton et al.,S O’Brien,*® Mer- 
skey and Nossell,?”’ and Mustard.'! Further- 
more, there was marked acceleration of the 
Stypven time in the fasting state in all the 
patients with idiopathic hyperlipemia when 
compared with the fasting values in the nor- 
mal subjects and in the patients with primary 
hypercholesteremia a finding similar to that 


encountered by Sohar et al.!? It might there 
fore be suggested that the unique behavior oi 
this coagulation test in the fasting state in 
the group of patients with idiopathic hyper 
lipemia was related to the high serum tri 
elyceride levels found in this group, inasmuc!] 
as these lipid values were normal in the fast 
ing state in the other 2 groups of individuals 
Moreover, the acceleration of the Stypve: 
time after the fatty meal was always accom 
panied by a rise in the serum triglycerides 
Indeed, Sohar et al.’ concluded that there i 
in fact a close correlation between the Sty] 
ven time and the concentration of trighy« 
erides in the serum. These observations coul 
not be fully substantiated in our series, how 
ever, since analysis of the results of individ 
ual subjects clearly demonstrated that ther 
was no strict quantitative relationship Wb 
tween the Stypven time and the serum tr 
elycerides in the majority of individuals 
either in the fasting state or postprandially. 
Similarly, there was some association, thoug!i 
not a strict correlation, between the Stypveu 
time and the serum turbidity. This is not 
surprising when it is realized that the turbid 
itv of the serum is a reflection of the concen 
tration of chylomicra, which in turn are 
mainly composed of triglycerides and to a 
lesser extent of phospholipids and lipopro- 
teins. When the serum fatty acids are ¢on- 
sidered, it is obvious that, as with the sermn 


triglycerides, there was some association be- 


tween accelerated Stypven times and the cou- 


centration of these lipids in the serum, 
though again there was no strict quantitative 
relationship. There was clearly no assoc 
tion between the Stypven time and the ser 
cholesterol or phospholipid levels in any »! 
the groups of patients either in the fastiig 
state or following the fatty meal. The 
sence of an association between the Stypv u 
time and the fasting serum cholesterol lev s 
is further suggested by the demonstration f 
essentially similar Stypven times in a gro» 
of 20 hospital patients with either high r 
normal cholesterol values.‘° However, 
lack of association in this series between 1 


Stypven time and the serum phospholip: s 
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es not necessarily exclude the possible effect 
ingested phospholipids on blood coagula- 
mn. O’Brien*t! was able to demonstrate ap- 
‘eclable acceleration of the postprandial 
ypven time after feeding small quantities 
phospholipids to normal subjects even 
iough the actual levels of serum phospho- 
pids remained essentially unchanged. 
It is difficult to determine the significance 
' the acceleration of the Stypven time by 
vperlipemia, since the test itself is highly 
‘tificial and hence unphysiologic. Thus, 
ussell viper venom is a thromboplastic agent 
hich rapidly converts prothrombin to throm- 
in in the presence of optimal concentrations 
f labile and Stuart factor . In addition plate- 
ts, platelet lipid fractions, phospholipids, 
nd perhaps fatty acids accelerate this reac- 
‘ion. For example, Poole*? using platelet- 
poor plasma was able to demonstrate accelera- 
‘ion of the Stypven time by various fatty 
acids. O’Brien* confirmed this observation, 
but found that the phospholipids were even 
more potent in this respect. Subsequently, 
Poole and Robinson*! showed that chylomicra 
led to shortening of the Stypven time, and 
ihey attributed this effect to the presence of 
small quantities of ethanolamine phosphatide 
‘outained within them. Recently, Kingsbury 
nd Morgan* found that the recalcification 
ime of plasma was influenced by the chylo- 
‘icra and they were further able to show 
hat the factor responsible for the actual 
iortening of the calcium clotting time con- 
sted of the phospholipid fraction derived 
‘com the chylomicra. All this evidence cer- 
inly suggests that phospholipids, or one of 
ie components thereof, such as ethanolamine 
iosphatide, may play an important role in 
Further 
idence is provided by O’Brien,*' who re- 


e acceleration of blood clotting. 


rted that ingested phospholipids were about 
times as active as triglycerides in causing 
celeration of the Stypven time. Het! sug- 
sted that phospholipids inactive with re- 
‘et to the Stypven time. when added in the 
t tube, become hydrolyzed and activated 
er ingestion. Indeed O’Brien*® claimed 
it there is in fact a strict quantitative rela- 
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tionship between the concentration of ‘‘active 
phospholipids’’ in the blood and the Stypven 
time. He concluded*® that a postprandial in- 
crease in the serum of ethanolamine phospha- 
tide, or similar substances such as phospha- 
tidyl-serine or inositol phosphatide, is 
probably responsible for the maximal short- 
ening of the Stypven clotting time. Since 
these alterations in the serum phospholipids 
are not apparent when, as in this series of 
patients, the usual chemical methods are used, 
it would seem essential that more sensitive 
procedures be introduced for the detection of 
such changes. It is possible that paper chro- 
matography will be useful in isolating and 
identifying the various phospholipid fractions 
after a fatty meal. In this regard Troup and 
Reed** using such a method were unable to 
demonstrate the presence of these substances 
in the plasmas of normal individuals. In any 
event, the fact that it was not possible to 
demonstrate a strict quantitative relationship 
between the Stypven time and the serum tri- 
elycerides in this series could well be due to 
the presence in hyperlipemic blood of other 
factors, such as for example, a cephalin frac- 
tion, which may play an important role in 
the development of hypercoagulability of the 
blood. 

Since the role of platelets in blood coagu- 
lation is well established, it was decided to 
employ platelet-free systems in this study. 
It was considered that the presence of throm- 
boplastic factors, introduced into the plasma 
as the result of a fatty meal, could be evalu- 
ated more clearly if platelet fractions of a 
similar thromboplastic nature were excluded. 
However, platelet-poor systems in vitro are 
unphysiologic, inasmuch as platelets or their 


fractions undoubtedly play an essential part 
in the development of intravascular thrombo- 
sis. The fact that platelet fractions, namely 
cephalin and lecithin, even in very small 


quantities possess a marked activating effect 
upon blood coagulation was shown by Char- 
gaff et al.45 in 1936. More recently, O’Brien*® 
has reported that one of the active clotting 
factors in platelets is similar to ethanolamine 
phosphatide while Wallach et al.°° have ae- 





686 NITZBERG, PEYMAN, GOLDSTEIN, PROGER 


tually demonstrated the presence of this sub- 
stance in the platelets by means of paper 
chromatography. On the other hand, Troup 
and Reed** have found that weight for weight 
serine phosphatide is much more active than 
ethanolamine platelet 
thromboplastic factor. Be that as it may, it 
is obvious that platelets do contain potent 
thromboplastic materials which must be con- 


phosphatide as a 


sidered. 

Although the fibrinolytic activity of the 
blood, as measured by the Fearnley** technic, 
was not decreased in this series in the pres- 
ence of hyperlipemia either in the fasting or 
postprandial states, it is of considerable in- 
terest that hyperlipemia appeared to be asso- 
ciated with some reduction of the profibrino- 
lytic activity of the plasma. This was 
observed primarily in patients with constant 
hyperlipemia, although there was suggestive 
evidence of this occurring even in normal 
subjects after ingestion of the fatty meal. It 
might therefore be assumed that this dimin- 
ished profibrinolysin level was in some way 
related to the high levels of triglycerides (or 
the other constituents of chylomicra), which 
are responsible for the increased serum tur- 
bidity found in such states of hyperlipemia. 
In fact there appeared to be some association, 
although not a strict correlation, between the 
length of the streptokinase fibrinolysis time 
and the serum triglyceride levels as well as 
with the serum turbidity. In spite of this 
trend, however, the prolongation of the fibri- 
nolysis time in this series was not considered 
to be of significance in the majority of these 
individuals. These results, which suggest 
some association between hyperlipemia and 
reduced fibrinolysis, were based upon a meth- 
od that measured the fibrinolytic activity of 
the plasma only indirectly (i.e., fibrinolysis 
was activated by streptokinase). Moreover, 
the mere inhibition of fibrinolysis by fat in 
such an artificial system does not explain the 
exact mechanism of the interaction between 
the fat and the various fibrinolytic precursors. 

Only a few reports have appeared with ref- 
erence to the effect of ingested fat on blood 
fibrinolysis. The prevailing opinion is that 


fats do inhibit fibrinolysis, although there is 
no agreement as to which of the serum lipids 
is directly responsible for this phenomenon. 
Thus Greig and Runde! have emphasized the 
role of the beta lipoproteins and the chylo- 
micra in the inhibition of fibrinolysis, while 
in an earlier communication Greig!” was able 
to find a direct association between fibrinoly- 
sis and the serum turbidity. Admittedly, it 
was not possible in the present study to dem- 
onstrate such conclusive evidence of inhibi- 
tion of fibrinolysis by fats as was obtained by 
Greig,'* but this failure may be due in part 
to the different methods employed in assess. 
ing fibrinolytic activity.» In this respect, 
Greig’? measured fibrinolysis by a modifica- 
tion of the method of Biggs and MacFarlane®! 
and Bidwell.®? Recently, however, Scott and 
Thomas* reported significant prolongation of 
the streptokinase fibrinolysis time in rabbits 
following the ingestion of butter fat. Yet 
another approach has been introduced _ by 
Kwaan and MacFadzean,** who found that 
feeding cholesterol to rabbits inhibited fibri 
nolysis in vivo. It is not clear from their 
communication what effect the ingested cho 
lesterol had on the various serum lipids, but 
certainly in our own study the patients with 
primary hypercholesteremia did not show any 
inhibition of fibrinolysis in the fasting state. 
At the time of these studies 3 patients with 
idiopathic hyperlipemia (cases 1, 3, and 5 
and 3 patients with piimary hypercholestere 
mia (cases 10, 17, and 18) had clinical and 
electrocardiographic evidence of ischemi 
heart disease, amounting in 3 patients (cases 
1, 10, and 17) to acute coronary artery dis 
ease. In none of these patients was the 
evidence to suggest that the behavior of tl 
blood clotting or fibrinolytic systems differe 
from that of the other patients within tl 
same group, either in the fasting state or } 
response to a fat-loading meal. It is possib 
of course that the close association betwe: 
primary hypercholesteremia and corona! 
artery disease does not depend upon the pre 
ence of hypercoagulability of the blood « 
diminished blood fibrinolysis. Indeed it sti 
remains likely that the increased inciden 
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coronary artery disease in these patients 
primarily due to the formation of plaques 
. the intima, which in turn lead to an in- 
reased risk of secondary occlusive thrombi 
1 the coronary arteries. Another point is 
hat patients with primary hypercholestere- 
iia may be more liable to coronary atheroscele- 
sis than those with idiopathic hyperlipemia 
ho do not have elevated levels of cholesterol 
1 the serum. (The 3 hyperlipemic patients 
‘ith concomitant ischemie heart disease in 
his series had high serum cholesterol levels. ) 
f this is so, the effect of hyperlipemia on co- 
gulation and fibrinolysis, as observed in this 
‘ries, may not be of major importance in the 
ievelopment of ischemic heart disease. 
Recently, other mechanisms that may help 
0 account for the role of the blood lipids in 
ihe development of arterial disease have been 
suggested by the introduction of new and 
ingenious technics. Thus Goldberg and 
Morantz®> were able to demonstrate actual 
infiltration of the connective-tissue cells of 
ihe elastic lamina in the aortas of young 
chicks with lipid particles from a perfusing 
stream of lipid-enriched blood, while Rutstein 
et al.°® showed that lipids (cholesterol) were 
engulfed by the cells of human aortic intima 
vrown in artificial culture media. For the 
present, however, the exact mode of develop- 
ient of atherosclerosis either in patients with 
ibnormal lipid metabolism or in other indi- 
iduals must remain conjectural. Moreover, 
| assessing the results in this study, it must 
‘ remembered that conditions in the test 
ibe do not necessarily reflect those present 
i vivo. For example, the majority of coagu- 
tion tests in current use are primarily meas- 
‘ing factors that govern the speed of coag- 
ation rather than control its initiation. Be 
at as it may, it is clear that in this series 
‘perlipemia (i.e., lactescent serum with ele- 
ted levels of serum triglycerides) was 
ually associated with accelerated Stypven 
nes and frequently also with prolonged 
ofibrinolysin times. These results suggest 
it there may be some relationship between 
perlipemia, increased coagulability of the 
od and reduced blood fibrinolytic activity. 
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Ilowever, the real significance of these in 
vitro findings with regard to clinical coronary 
artery disease remains obscure. 


SUMMARY 


The clotting and fibrinolytic activity of the 
blood were studied before and after a meal 
containing 85 Gm. of fat. There were 3 
groups of subjects; 9 patients with idiopathic 
hyperlipemia, 10 patients with primary hy- 
percholesteremia, and 10 normal subjects. 
Simultaneous lipid studies were performed in 
an attempt to correlate the coagulation and 
fibrinolysis values with changes in the various 
serum lipid levels. 

The results of the coagulation studies were 
divided into 2 categories. The first was com- 
posed of the data obtained by measuring 
specific coagulation factors. The values ob- 
tained for these factors were within normal 
limits before and after the fatty meal in the 
3 groups of subjects. 

The second category comprised the results 
of those procedures that measure the over-all 
coagulability of the blood (or plasma) with 
or without the addition of thromboplastie ma- 
terial. The results of all these determinations, 
with the exception of the thromboplastin gen- 
eration test and the Stypven time, were within 
normal limits in the fasting state and re- 
mained essentially unchanged after the fatty 
meal in the 3 groups of subjects. 

The thromboplastin generation test gave es- 
sentially inconclusive results although there 
appeared to be a tendency for the hyperlipe- 
mie and hypercholesteremie groups to de- 
velop a more potent thromboplastin in the 
fasting state. 

The Stypven time (Russell viper venom 
test) was the one coagulation test that almost 
always showed significant changes in the pres- 
ence of hyperlipemia. Thus it was mark- 
edly accelerated (i.e., shortened) in the fast- 
ing state in all the patients with idiopathic 
hyperlipemia. In addition, the Stypven time 
was accelerated to a greater or lesser extent 
in all groups of subjects following the fatty 
meal. Comparison of these results with the 
serum lipid levels showed that there was some 
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degree of correlation, although not a strict 
quantitative relationship, between the Styp- 
ven time values and the serum triglyceride 
levels (and the fatty acid levels to a lesser 
extent) as well as with the turbidity of the 
serum in all groups of subjects before and 
after the fatty meal. No correlation was found 
between the Stypven time and the serum cho- 
lesterol or phospholipid levels. 

Two methods were employed to assess the 
fibrinolytic activity of the blood. Method 1, 
which measured blood fibrinolysis directly, 
gave variable and inconclusive results. Meth- 
od 2, which determined the fibrinolytic activ- 
itv of plasma after activation with strepto- 
kinase (in vitro), showed that prolonged 
streptokinase fibrinolysis times occurred un- 
der circumstances similar to those associated 
with accelerated Stypven times. Thus there 
appeared to be an association of the fibrino- 
lysis time with the serum triglyceride levels 
as well as with the serum turbidity. 

The behavior of the blood clotting and 
fibrinolytic systems in the 6 patients in this 


series who had evidence of coronary artery 


disease did not differ from that of the other 
individuals within the same groups either in 
the fasting state or after the fatty meal. 


SUMMARY 


Hyperlipemia in general leads to accelera- 
tion of blood clotting, as measured by the 
Stypven time, as well as to inhibition of blood 
fibrinolysis. 

The inability to demonstrate a strict quan- 
titative relationship between the Stypven time 
and the serum triglycerides in this series sug- 
gests that other factors, such as a cephalin 
fraction, may also play an important role in 
the development of hypercoagulability of the 
blood. The same may hold true for the asso- 
ciation between hyperlipemia and reduced 
fibrinolytic activity. 

The development of coronary atherosclero- 
sis In patients with primary hypercholestere- 
mia may depend on factors other than those 
of increased blood clotting or decreased blood 
fibrinolytic activity. 


The conclusions with regard to the effec 
of serum lipids on coagulation and fibrinoly 
sis In this series have been based essentially 
The final elucida 
tion of the exact relationship between th: 


on highly artificial tests. 


serum lipids and the coagulability of th 
blood, and its possible connection with coro 
nary artery disease, must await furthe 
studies, 
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SUMMARIO IN IN®ERLINGUA 


Hyperlipemia, a generalmente parlar, re 
sulta in acceleration del processo coagulator 
del sanguine secundo le mesuration del tem 
pore a stypven e etiam in inhibition del fibri 
nolyse de sanguine. 

Le impossibilitate de demonstrar in | 
presente serie de casos un relation stricte 
mente quantitative inter le tempore a styp 
ven e le triglyceridos del sero suggere qui 
altere factores, como per exemplo un fraction 
de cephalina, ha etiam un rolo importante i 
le disveloppamento de hypercoagulabilitat: 
de sanguine. Le mesmo es_ possibilement: 
ver pro le association inter hyperlipemia e wi 
reducite activitate fibrinolytic. 

Le disveloppamento de atherosclerosis i) 
patientes con hypercholesterolemia  primari 
depende de factores altere que le augmentat 
coagulation de sanguine o le reducite acti\ 
tate fibrinolytic del sanguine. 

Le conclusiones con respecto al effecto « 
lipidos seral super le coagulation e le fibrin 
lyse in le presente serie es basate essenti: 
mente super tests de character multo artifici: 
I.e ultime elucidation del relation exacte int 
le lipidos del sero e le coagulabilitate del sa 
quine e su connexion possibile econ morbo + 
arteria coronari debe attender studios ad 
tional. 
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Effects of Intravenous Hydration and Pitressin on 
Renal Function in Subjects with Essential Hypertension 


By Wiuu1amM Houianper, M.D. 


Various abnormalities in metabolism of water and electrolytes have been noted in patients 
with arterial hypertension and have variously been considered as causes or results of 
the hypertension. In this paper new data on these relationships are presented by a 
study of the changes in renal function produced by intravenous hydration, Pitressin, 


and lowering of the blood pressure. 


NUMBER of workers have shown that 
J \ the capacity to excrete sodium, as indi- 
« ted by the rate of excretion of an intrave- 
ious salt load, is appreciably greater in hyper- 
tusive than in normotensive individuals.’ 
li, addition, it has been demonstrated that 
cl/ective antihypertensive treatment is capable 
of reducing the sodium excretory capacity of 
hypertensive subjects towards normal.’ ° 
These findings support the concept that the 
arterial pressure per se may play an impor- 
tant role in the control of sodium excretion. 
They also suggest that certain other disturb- 
ances in electrolyte and water metabolism in 
arterial hypertension® may be the result and 
hot necessarily the cause of an elevated blood 
pressure. 

In the present study of water excretion in 
essential hypertension a disturbance is de- 
scribed that appears in part to be related to 
the elevation of arterial pressure. 


MATERIAL AND METHODS 


‘he renal responses to intravenous hydration 
| Pitressin were tested in 11 hypertensive and 
ontrol subjects. In addition, 9 of the hyper- 
sive subjects were restudied after treatment 
| antihypertensive drugs. 

he 9 control subjects had no history of renal 
ase or of hypertension and were considered 
nal, Their surface areas and weights were 
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comparable to those in the hypertensive group. 

The 11 subjects with essential hypertension had 
a sustained elevation of the blood pressure with 
grade 1 to 3 retinopathy but without complicating 
congestive heart failure. However, 4 subjects had 
electrocardiographie and roentgenologic evidence 
of left ventricular enlargement as well as 1+ to 2+ 
albuminuria. In addition 3 of these subjects had 
an elevation of the blood urea nitrogen ranging 
from 35 to 84 mg. per cent. The dietary intake of 
salt was not restricted in either the hypertensive 
or normotensive subjects. 

After an 8 to 12-week control period during 
which the hypertensive subjects received only 
placebos, treatment was started with antihyper- 
tensive drugs and continued for 8 to 16 weeks. 
The type and dosage of drugs together with their 
effects on blood pressure are summarized in table 
1. The blood pressures were measured weekly in 
the sitting position. 


TABLE 1.—Summary of Drug Treatment of the 
Hypertensive Group 


Control period Therapy 


pressure (mm. Hg) 
./day) 


pressure (mm. Hg) 


Average blood 
(weeks) 
Average blood 
(weeks) 


| Subject 
Duration 


R.M. 172/114 
I.C. 200/112 
B.C. 169/108 
E.C. 184/118 
A.G. 209/115 
H.B. 180/115 142/8 >) Reserpine 
B.W. 247/148 164 8 Pentolinium 
R.A. 238/137 8 180 
A.W. 260/152 8 72 2 Pentolinium 
Mean 206/124 10 162 

SD... 634/17 219 S17 


| Duration 


| Dosage 
(mg 


| 
| 


— 


152/85 8 Hydralazine 
179 2 Hydralazine 
150/88 8 Hydralazine 
138 2 Reserpine 


182 2 Reserpine 


QO 


Pentolinium 
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” (ml. /min. ) 


Normal group 


Hypertensive group? 


Mean difference 
p 


Hypertensive group 


(before treatment ) 
Hypertensive group 

(during treatment ) 
Mean difference 


P 


"xaV (H#Eq./min.) 


Normal group 

Hypertensive group 

Mean difference 

p 

Hypertensive group 
(before treatment ) 

Hypertensive group 
(during treatment ) 

Mean difference 


Pp 


TV (#Eq./min. 


Normal group 

Hypertensive group 

Mean difference 

Pp 

Hypertensive group 
(before treatment ) 

Hypertensive group 
(during treatment ) 

Mean difference 


p 


AH clearance (ml./min. 


Normal group 

Hypertensive group* 

Mean difference 

I 

Hypertensive group 
(before treatment ) 

Hypertensive group 
(during treatment ) 


Mean difference 


p 


TABLE 2.-—-Mean Data and Statistical 


Control 


0.96+0.2 


Maximal 
diurcs's 


16.2+1.1 


HOLLANDE! 


Analysis 


Pitressin 


antidiuresis Recovery 


16.041.8 


1.2+0.2 
+0.24+0.2 


L3dt0.: 


+LOO8S+0.2 


IST+43 


243362 
+5G+66 


0.4 


o67+21 
4252421 
142430 


<0.01 


d83446 


398444 
+14+8 
0.1 


11.4+0.7 
4.71.2 


<0.01 


10.7408 


1362-1. 
+2.9+0, 


<0.01 


2P35EBO 
PO9D*SV 
—26258 


0.7 


P4564 


324451 
+79+74 


DOB e26 
434428 
129+38 


<0.01 


392A 


(Continued on next page ) 


12.6+0.6 


d.4#1.9 


PSOBSAT 
242438 
SREY 


0.6 


°50+34 


297+61 


+47+62 


627430 
4574#25 
170439 


<0.01 


412450 


472466 


+6028 


0.08 





ENAL FUNCTION IN ESSENTIAL HYPERTENSION 


TABLE 2. 


Control 


Inulin clearance (ml./min./1.73 M.*) 


Normal group 

Hypertensive group * 

Mean difference 

Pp 

Hypertensive group 
(before treatment ) 

Hypertensive group 
(during treatment ) 

Mean difference 


P 


“Figures in italics are standard error. 


—(Continued ) 


Maximal 
diuresis 


Pitressin 


antidiuresis Recovery 


118+4 1045 


90+6 91+6 


~28+7 


<0.01 


-14+8 


‘Group does not include the 3 subjects with severe renal disease. 


The subjects were studied in the morning in the 
istabsorptive state while lying supine. Through- 
ut the study nothing was permitted by mouth. 
| rine was collected through an indwelling catheter. 
\t the end of each collection the bladder was 
ashed out with 20 ml. of distilled water and was 
then completely evacuated with air. After stand- 
ard priming doses, a sustaining infusion contain- 
ing inulin (3.3 per cent) and paraaminohippurate 
(1 per cent) in 3.5 per cent glucose in water was 
started and given at the rate of 1.2 ml. per minute. 
very 30 minutes blood samples were obtained for 
the determination of inulin, paraaminohippurie 
id, sodium, potassium, and hematocrit. Follow- 
» the control observations, which extended over 
urine collection periods of 10 to 15 minutes each, 
infusion of 5 per cent glucose in water was 
irted and continued throughout the experiment 
the approximate rate of 14 ml. per minute. Dur- 
» this infusion urine collections were continued 
intervals of 10 to 15 minutes. When urine flow 
itched a steady maximal rate, Pitressin (Parke, 
vis and Company, Lot no. 161) was injected 
pidly into the infusion tubing in a dose of 1 
lliunit per Kg. of weight. After the ensuing 
itressin antidiuresis” the experiment was con- 
ued until a maximal rate of excretion of urine 

s resumed. 
lhe chemical methods have been previously 

cribed.4 
RESULTS 
lhe renal responses to, intravenous 5 per 
it glucose in water in the normotensive and 
pertensive groups are summarized in tables 
nd 3. 


Urine Flow (V) 

The control urine flows were comparable in 
the normotensive and hypertensive groups. 
However, the maximal diuresis produced by 
the infusion of 5 per cent glucose and water 
was appreciably lower in the hypertensive 
than in the normotensive group. These dif- 
ferences were significant even though the 3 hy- 
pertensive subjects who had advanced renal 
disease were not included in the statistical 
analysis of the groups. The time at which 
urine flow reached its peak level was not sig- 
nificantly different in the control and hyper- 
tensive groups. Likewise the percentage re- 
duction in urine flow and the duration of the 
antidiuresis produced by Pitressin did not 
differ significantly in the groups. In the re- 
covery period the average urine flow was 
lower, but not significantly, in the hyperten- 
sive than in the normotensive group. 

When compared with normotensive and hy- 
pertensive subjects without advanced renal 
disease, hypertensive subjects with severe 
renal disease had a considerable reduction in 
the maximal water diuresis and appeared to 
be unresponsive to Pitressin. 

Following antihypertensive drug treatment, 
the average maximal rate of urine excretion 
in the hypertensive group significantly in- 
creased to 13.6 ml. per minute as compared 
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TABLE 3.—Water Excretory Responses to Intravenous Hydration and Pitressin 


Time to % reduc- 

maximal Pitressin tion in 

diuresis antidiuresis 
(min.) (ml./min.) 


Duration of 

Pitressin 
urine flow  antidiuresis 

by Pitressin (min.) 


Maximal 
diuresis 
(ml./min.) 


Normal group 80+17* 16.2+3.3 6.83.5 47417 


11.4+1.9 §.2+1.7 58+51 


45416 
Hypertensive group 79+11 


p 0.8 
Hypertensive group 
(before treatment ) 
Ilypertensive group 
(during treatment ) 
p 


*+ standard deviation. 


with 10.7 ml. per minute before treatment. 
In the recovery period, likewise, the urine 
flow was significantly higher after than be- 
fore treatment. The other water excretory 
responses were not significantly changed by 
treatment. 


Sodium Excretion (UyaV) 


The excretion of sodium at rest, during the 
infusion of 5 per cent glucose in water and 
after the administration of Pitressin was not 
significantly different in the normotensive and 
hypertensive groups. During the infusion 
the mean sodium excretion increased in both 
groups and was not significantly reduced by 
Pitressin (p > 0.5). Although the mean 
increase in sodium excretion was higher in the 
normotensive than in the hypertensive group 
without severe renal disease, it was not signif- 
icantly different in the groups (p= 0.19). 

During antihypertensive treatment, the ex- 
cretion of sodium at rest and in the experi- 
mental periods was not significantly different 
from the sodium excretion recorded before 
treatment. 


Potassium Excretion (U,V) 


The excretion of potassium in the control 


and experimental periods was not significantly 


different in the normotensive and hyperten- 
sive groups. The mean potassium excretion 
decreased in both groups during the water 
diuresis, but did not change appreciably after 
as compared with before the administration 
of Pitressin. 


10.7+2.8 3.11.6 


54415 


<0.01 0.3 0.: 0.3 


49+20 


13.643.3 


<0.01 


After antihypertensive therapy potassium 
excretion during intravenous hydration and 
following the administration of Pitressin was 
not significantly different from the values ob- 
tained before treatment. 


PAH and Inulin Clearances 

The PAH clearance (renal plasma flow) 
and inulin clearance (glomerular filtration 
rate) were significantly lower in the hyper- 
tensive than in the normotensive group dur- 
ing the control period as well as during max 
imal diuresis. In both groups the renal 
plasma flow did not change significantly dur 
ing the experiment (p>0.14). However, 
the glomerular filtration rate did increase 
significantly in the normotensive (p = 0.05 
but not in the hypertensive group (p = 0.09) 
at the peak of the water diuresis. In response 
to Pitressin neither group had a significan' 
alteration in 
(p > 0.07). 

The control renal plasma flow and glome 
ular filtration rate were not significant] 
altered by antihypertensive treatment. Th 
glomerular filtration rate in the experiment 
periods also was not significantly differe: 
after than before treatment. However, t! 
renal plasma flow was significantly high: 
during the periods of maximal diuresis an 
antidiuresis after than before treatment. 


glomerular filtration rat: 


Blood Pressure 

The average blood pressure in the hype 
tensive group was 206/124 mm. Hg as con 
pared to 124/79 mm. Hg. 
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Following drug treatment of the hyperten- 
ve group, the average blood pressure was 
gnificantly reduced by 44/29 mm. Hg. 


DIscussION 


The observation that the maximal rate of 
irine flow produced by intravenous hydration 
vas significantly less in hypertensive than in 
ormotensive individuals suggests a reduc- 
ion in water excretory capacity in arterial 
ypertension. The disturbance in water ex- 
retion was associated with a significant re- 
uetion in glomerular filtration rate and was 
ost marked in those hypertensive subjects 
ho had the severest impairment in this fune- 
ion. It therefore appears likely that a reduc- 
ion in glomerular filtration rate is one of the 
‘actors responsible for the reduced water di- 
uresis. Solute excretion also has been re- 
ported to be capable of altering the height of 
a water diuresis.“.* Although it was not 
measured, sodium and potassium excretion, 
which contributes to solute excretion, ap- 
peared to be comparable in the normotensive 
and the treated and untreated hypertensive 
subjects. In addition to a reduction in renal 
hemodynamic function, an elevated blood 
pressure appears to be another important 
factor that might operate to reduce maximal 
urine flow, since a significant increase in water 

diuresis occurred without a change in glomer- 
ilar filtration rate following a reduction in 
\lood pressure with antihypertensive drugs. 
is unlikely that the increases in urine flow 
lowing treatment were due to a direct 

‘ug effect on renal function, since the same 
‘eects were produced by several different 
‘ug regimens. 

The manner in which a change in blood 
‘essure might effect water excretory capacity 

not clear. It is conceivable, however, that 
terial pressure may influence the function 

a number of organs that regulate urine ex- 

‘tion such as the kidney, and the adrenal 

1 pituitary glands. An alteration in pos- 

‘ior pituitary function or in Pitressin me- 

olism as a cause of impaired water excre- 

n was not completely excluded in the 
| »sent study. Nevertheless, the finding that 


hypertensive subjects did not differ from con- 
trol subjects in the time of onset of the maxi- 
mal rate of urine excretion or in the intensity 
and duration of the Pitressin antidiuresis sug- 
gests that Pitressin is normally inactivated in 
uncomplicated arterial hypertension. 

Kk? has likewise found that a constant infu- 
sion of 5 per cent glucose in water produces 
a diuresis that is significantly lower in hyper- 
tensive than in normotensive individuals. 
In addtion he observed that hypertensive sub- 
jects in contrast to normotensive controls had 
striking increases in renal plasma flow, glom- 
erular filtration, and sodium excretion during 
water diuresis. In the present study increases 
in sodium excretion and renal hemodynamic 
function during intravenous hydration were 
slight and not significantly greater in the 
hypertensive than in the normotensive group. 
These differences may be related to the rate of 
administration of the intravenous water load, 
that in the present study being considerably 
less than that in the previously reported 
study. 

SUMMARY 


Urine flow, electrolyte excretion, and renal 
hemodynamic function were compared in nor- 
mal and hypertensive individuals before and 
during a constant infusion of 5 per cent glu- 
cose in water and in response to intravenous 
Pitressin. The maximal urine flow produced 
by intravenous hydration was significantly 
less in the hypertensive than in the normo- 
tensive group. However, the renal responses 
to intravenous Pitressin were comparable in 
the 2 groups. The reduced water diuresis in 
arterial hypertension was associated with a 
significant reduction in renal plasma flow and 
glomerular filtration rate but not in salt ex- 
cretion. The maximal rate of urine excretion 
significantly increased toward normal follow- 
ing antihypertensive drug treatment. It ap- 
peared to result from an alteration in renal 
tubular activity, since the glomerular filtra- 
tion rate was not significantly different before 
and after treatment. 
that an elevated arterial pressure in addition 
to a reduction in renal hemodynamic function 


The findings suggest 
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may operate to reduce water excretory c¢a- 
pacity in essential hypertension. 


SUMMARIO IN INTERLINGUA 

Le fluxo de urina, le excretion de electro- 
lvtos, e le function hemodynamic del renes 
esseva comparate inter subjectos normal e 
hypertensive ante e durante un infusion con- 
stante de 5 pro cento de glucosa in aqua e in 
respousa al administration intravenose de 
Pitressina. Le fluxo maximal de urina pro- 
ducite per hydratation intravenouse esseva 
significativemente plus basse in le gruppo 
hypertensive que in le gruppo normotensive. 
Tamen, le responsas renal a Pitressina intra- 
venose esseva comparabile in le 2 gruppos. Le 
reducite diurese de aqua in hypertension ar- 
trial esseva associate con un reduction. sig- 
nificative del fluxo de plasma e del filtration 
glomerular in le renes sed non del excretion 
de sal. Le intensitate maximal del excretion 
de urina montava significativemente in le di- 
rection de valores normal post tractamentc 
con drogas antihypertensive. Isto pareva es- 
ser le resultato de un alterate activitate del 
tubulos renal, proque le intensitate del filtra- 
tion glomerular non differeva  significative- 


mente ante e post le tractamento. Le consta- 


tationes pare indicar que un elevate pression 
arterial, a parte un reduction del function 
hemodynamic del renes, participa in le re- 


duction del capacitate pro le excretion de 
aqua in hypertension essential. 
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Action of Nitroglycerin on the Coronary Circulation 


Normal and in Mild Cardiac Subjects 


By NorMAN BracHFEeLp, M.D., JoHN Bozer, M.D., AND RicHarp Gorin, M.D. 


With the technical assistance of Morris H. Smith and Elin Ale.anderson 


Nitroglycerin has been used extensively as a coronary vasodilator. Its remarkable 
clinical effect has been presumed to be related to a direct action on the smooth muscle 
of the coronary arteriole. No observations have been made of nitroglycerin action on 
the coronary circulation in man. This report presents studies of changes induced by 
the drug in 10 normal or nearly normal subjects. The authors present evidence that 
although coronary vasodilatation does indeed occur, it appears to be secondary to changes 
in myocardial oxygen requirements. Hemodynamic observations revealed a general 
decrease in pressures in both peripheral and pulmonary circuits; caution is urged con- 


cerning the occasional severe hypotensive effects of nitroglycerin. 


N 1867 Sir Lauder Brunton first reported 
i the use of nitrites in the relief of hyper- 
jensive crisis and status anginosus.' At that 
time, he attributed the remarkable clinical 
effect of the drug to its actions of peripheral 
vasodilatation and in lowering blood pressure. 
lt remained for other investigators” * to dem- 
oustrate in the experimental animal that this 
dilatation was not confined to the periphery, 
hut in fact took place in the coronary vessels 
as well. In 1940 Essex and co-workers,? and 
Bover and Green® independently reported 
ihat nitroglycerin increased coronary blood 
low in experimental animals. In 1947, how- 

er, Eekenhoff and co-workers® found only 

constant changes in coronary blood flow 
lien more elaborate technics were used. They 
so stated that the coronary vasodilator ef- 

‘t in the dog persisted only so long as the 

ood pressure did not fall. Eckstein and his 

workers’ and Sarnoff, Case, and Macruz* 
ve measured myocardial oxygen consump- 
ni before and after nitroglycerin in the dog 
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lical Institute. 


and found no changes. Despite its widespread 
clinical use and the many assumptions regard- 
ing its mode of action, there have been no pub- 
lished reports concerning the effect of nitro- 
glycerin on the coronary circulation in man. 
It is the purpose of this communication to de- 
scribe such changes and also to report on the 
general circulatory effects of sublingually ad- 
ministered nitroglycerin. 


MATERIALS AND METHODS 


Ten patients were studied by cardiac catheteriza- 
tion. One patient had clubbing with normal pul- 
monary and cardiac diagnostic studies; 1 had a 
small atrial septal defect; 1 a grade-I diastolic 
murmur of aortie insufficieney without changes in 
blood pressure; 2 had basal systolic murmurs of 
grade-II intensity without other abnormality; 1 
had a functional apieal grade-II systolic murmur, 
and 4 had completely normal cardiae examinations. 
These patients had had hepatie vein catheterization 
with measurement of blood flow and pressure for 
evaluation of recovery from an earlier acute hepa- 
titis; all studies of liver function were normal. 

Cardiac catheterization was performed in the 
usual fashion: an indwelling no. 17 Riley needle 
was inserted into the brachial artery. Any diag- 
nostie studies that were required were carried out 
before this investigation.® Pressures were meas- 
ured in the pulmonary wedge position, pulmonary 
artery, right ventricle, and right atrium before 
and after administration of nitroglycerin, by 
means of a Statham P-23D manometer, recorded 
directly on a Sanborn’ twin-channel recorder. 
Cardiae outputs were measured by the direct Fick 
method in all, and by indicator-dilution technies 
in 5.19 The catheter was then inserted into the 
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coronary sinus. Coronary blood flow calculated 
as ml./100 Gm. left ventricular muscle/min. was 
measured by the nitrous oxide technic!! as modified 
by Goodale and Hackel.!* Four minutes after 0.6 
mg. of nitroglycerin had been given sublingually, 
the second flow was begun with samples collected 
continuously from 0 to 1 min., 1:15-1:45, 2.45- 
3:15, 4.45-5:15, 6:45-7:15, following cessation of 
nitrous oxide breathing. From this, a nitrous 
oxide curve could be constructed!= of the veno- 
arterial nitrous oxide difference during “desatura- 
tion” of nitrous oxide from the myocardium.* 
During the 7-minute period required for deter- 
mining coronary flow, arterial pressure, heart rate, 
and indiecator-dilution output were measured. 
Following determination of the coronary flow after 
nitroglycerin, the catheter was returned to the 
pulmonary artery in 8 patients. 

Blood samples drawn from the coronary sinus, 
pulmonary artery, and brachial artery were ana- 
lyzed for oxygen and carbon dioxide content by 
the technie of van Slyke and Neil,!* and pH was 
measured in a Cambridge pH meter. Partial 


pressures of oxygen and carbon dioxide were e¢al- 
culated via conversion factors devised by Milch 
et al.1> Mean systolic and mean diastolie pres- 


sures and systolie and diastolic time periods were 
measured on the brachial arterial pressure pulse 
recorded during the coronary flow. 

By means of formulas described elsewhere!® left 
and right ventricular work were caleulated as 
Kg.M./min./M.? and systemic and pulmonary re- 
sistances were calculated as dynes see. em 
Coronary vascular resistance was calculated by 
the standard formula!!: 


CVRm = (BAm — RAm) X 1332 


CF 
where 
CV Rm» = mean coronary vascular resistance 
(dyne see. em.~°) 
BAm = brachial arterial mean pressure, mm. Hg 
kAm = right atrial mean pressure, mm. Hg 
CF = coronary flow, ml./100 Gm./see. 


1332 


432 = eonversion of mm. Hg to dynes/em.* 


“Previous studies have shown that nitroglycerin 
begins to act between 1 and 5 minutes after sub- 
lingual administration,!8 as evidenced by fall in 
blood pressure, change in pulse pressure contour, 
and inerease in cardiac rate. Its peak effect is be- 
tween 5 and 10 minutes and lasts from 15 to 30 
minutes. Continuous direct monitoring of blood 
pressure and heart rate served to indicate onset and 
persistence of circulatory effects of nitroglycerin 
during the flow study which was carried out between 
the fourth and the eleventh minute. Unpublished 
studies measuring coronary blood flow within 1 min- 
ute of sublingual administration of the drug showed 
no deviation from the procedure reported herein. 
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Coronary vascular resistance was also computed 
according to the following formula® in order to 
introduce the factor of shortened diastolic time: 


CVRa = (BAdm — RAm) X DFP X 1332 
CF X 0.75 
where 
CV Ra = diastolic coronary vascular resistance 

(dynes see. em.””) 

BAdm = brachial arterial diastolic mean pressure 

(mm. Hg) 

DFP = diastolie filling period, see./min. ; 
0.75 = fraction of coronary flow occurring in diastole” 

Resistances calculated at widely divergent per- 
fusion pressures may not necessarily be compar- 
able.48 Perfusion pressure, however, decreased 
only 10 per cent in this group. Furthermore, 
changes in resistance in this group will be ulti- 
mately compared to changes in resistance in other 
groups of patients with similar declines in blood 
pressure following nitroglycerin. 

Myocardial oxygen consumption was computed 
as the product of oxygen extraction and coronary 
flow. This was calculated per 100 Gm. muscle and 
for the total left ventricular weight by the formu- 
las of Smith*!® with an error estimated at + 10 
per cent. Myocardial oxygen consumption was 
also computed per second of systolic contraction ;° 
oxygen consumption per systolic second was then 
divided by Kg.M. of work per minute. These 
arithmetical indices served to relate oxygen con 
sumption to the hemodynamic parameters at the 
moment.T 

Mechanical efficiency was calculated both per 
100 Gm. muscle and for the total left ventricle 
according to previously described formulas." 


OBSERVATIONS 
General Hemodynamic Changes (Table 1) 
Cardiae output averaged 3.3 L./min./M.? and 
*0.23 per cent of body weight in kilograms fo: 
males, 0.21 per cent for females. 





{The numbers so derived obviously have no_ bi 
logical significance, but do indicate the manner i 
which oxygen is expended. Time spent in contra: 
tion and the amount of work done per minute a) 
independent variables each affecting total oxyg: 
utilization.2 For example, patients with differe: 
eardiae rates having identical work outputs p 
minute will have different myocardial oxygen co 
sumptions per minute.? Therefore, when variatio) 
in oxygen consumption have been arithmetical 
related to variations in heart rate and work, a1 
deviations from the normal values suggest a no 
hemodynamie factor influencing myocardial oxyg¢ 
metabolism. For this artificial derivation ‘‘ basal no 
contractile” cardiae oxygen consumption is assume 
to be constant and has not been subtracted fro 
the total figure.*° 





NITROGLYCERIN AND CORONARY CIRCULATION 


TABLE 1.—Action of Nitroglycerin on Systemic and Pulmonary Hemodynamics 





Ventricular Vascular 
work resistance 
(Kg.M./ (dyne sec. 


Pressures (mm. Hg) min. /M.*) em.~*) 


__ Brachial artery 


Patient no. 
Body surface 
area (M.*) 
Heart rate 

per min. 
Cardiac output 


Diagnosis 
(L./min./M.*) 
Systolic mean 


Clubbing ? cause 


~~ 
° 
eS) 
“I 0 
3 3 


_— 
~ 
w 
LY 


Normal 


fo: fo Se 
mh Oo i 
© © 
S a 


bo 
_ 
oS 
bo 


Normal 


es 
o ow 


Normal 


Normal 


Grade II basal 
systolic murmur 


Grade I basal 
diastolic murmur 


Atrial septal 
defect, small 


Basal systolic 
murmur 


Functional 
systolic murmur 


\verages 


28.7 


Change (%) 





*Before nitroglycerin. 
y After nitroglycerin. 


howed no significant change following nitro- 
lyeerin. All parameters of brachial arterial 
ressure were reduced an average of 9 per 
ent over the control values. Left ventricular 
ork averaged 4.4 Kg.M./min./M.? and 
ianged insignificantly to 3.93 following 
itroglycerin. Pulmonary arterial pressure 
veraged 16 mm. Hg in 3 patients and 
‘opped to 11 mm. Hg following nitroglye- 
‘in. Pulmonary capillary wedge pressure 
‘reraged 9 mm. Hg at rest and fell to 6 mm. 
g in 8 observations. Right atrial mean 
‘essure averaged 4 mm. Hg and decreased 
1 mm. Hg following nitroglycerin. Right 


| capillary mean 


Diastolic mean 
artery mean 
Pulmonary 
Pulmonary 


Systemic 


— | Pulmonary 


oS 
or 
go 
= | 
Lo 
font 


| 


Oo 


1503 
1434 


1061 


1306 
1336 
1171 
1315 
1290 


» 


ventricular work and pulmonary vascular re- 
sistance were satisfactorily measured in only 
3 studies. Although they both decreased, no 
significance was attached in so small a group. 
Systemie vascular resistance showed no con- 
sistent or significant change. 

Cardiac rates increased from 73 to 83 beats 
per minute with a 1.8 second lengthening of 
systole per minute and a reciprocal shorten- 
ing in diastole per minute. 

Coronary Hemodynamic Changes (Table 2). 
Coronary blood flow as measured per 100 Gm. 
of left ventricular muscle per minute aver- 
aged 66 ml. at rest and increased 63 per cent 





TABLE 2. 


Coronary vascular 
resistance 
(dyne sec. em.~*) 


Cycle 
duration 
(sec. /min.) 


Coronary flow 
(ml./min.) 


Diastole 

Diastolic 
Estimated left 
ventricular weight 
Per 100 Gm. 

Per left 

ventricle 


~! 
t+ 


30.0 


Average 
24.4 


»65.9 


Change (%) 
+6.9 


*Before nitroglycerin. 
7 After nitrog|ycerin. 
10". 


to a value of 108 ml./100 Gm./min. This 


increase in flow was accomplished by a 42-per 
cent reduction in coronary vascular’ resist- 
ance, 

Changes in Myocardial Gaseous Metabolism 
(Table 3). 


average oxygen content of 5.3 volumes per 


Coronary venous blood had an 


cent at rest, a saturation of 29 per cent, and 
oxygen tension of 19 mm. Hg. There were 
no significant changes in these values follow- 


ing the administration of nitroglycerin. Coro- 


min. 


Per 100 Gm. 


BRACHFELD, BOZER, GORLIN 


Effect of Nitroglycerin on the Coronary Circulation 


Left 
ventricular 
work 
(Kg.M./min.) 


Left 
ventricular 
efficiency 
(%) 


Oxygen consumption 
(ml.) 


min. 
second/KgM. work 


surface area) 
Per 100 Gm. 


systolic second 
Per M.2 (body 


Per left 
ventricle 
Per 100 Gm. 
Per systolic 


Total 


~ 
a] 
oo He 
we ts 
as 


oe 


nary venous carbon dioxide content averag 
93.7 volumes per cent and partial pressu: 
54 mm. He and did not change after nitr 
olycerin, 

Extraction of oxygen and production « 
carbon dioxide remained unaltered. 

Myocardial oxygen utilization at rest wi: 
8.3 ml./100 Gm./min. and inereased to 13 
ml./100 Gm./min. (table 2). 
myocardial 


This inerease | 


oxygen consumption parallel 


the increased coronary flow, while oxygen e 
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wtion remained fixed. Although oxygen TABLE 3.—Action of Nitroglycerin on Myocardial 

nsumption increased, there was no change Gaseous Metabolism 

left ventricular work per minute. Conse- — = ea 
> ° 2 Coronary 

iently, left ventricular efficiency per 100 arteriovenous 


difference 


m., Which was 26 per cent at rest, decreased Coronary sinus (wal: %) 


, 13 per cent with nitroglycerin. Column =e. 
1], table 2, reveals that the oxygen consump- 
on per second of systole was 0.34 ml. at rest, 
it increased to 0.53 following nitroglycerin. 


Patient 
(vol. %) 
(vol. 


CO: content 
%) 
Carbon 
dioxide 
. Hg) 
O» saturation 


O: content 
(mm 


vhen this oxygen consumption was then ex- 


< 


ressed as ml. per systolic second per Kg.M. 
work (column 12) the value nearly doubled 
‘om a normal figure of 0.079 ml. at rest to 
143 with nitroglycerin. This indicated that 


= 


a a 


ianges in Oxygen consumption were not re- 


ted solely to changes in hemodynamics. 


DiIscUSSION 


Basie Action of Nitroglycerin. An agent 


Ct be 


which acts as a pure vasodilator does not alter 
ihe metabolism of the organ under study. If 
flow to the organ is increased through lower- 
ing of regional vascular resistance, then oxy- 
en extraction and carbon dioxide removal 
per ml. of blood are correspondingly de- 
creased. Hydralazine for example, has such 
an action on the coronary circulation: when 
flow increased, oxygen extraction decreased = rs 
us evidenced by an increased coronary venous . 


‘ Averages 

oxygen content, and cardiac oxygen consump- 53 
% * veo. 

53.4 20 


5. 
5. 


tion remained unaltered.*! 
Previous animal experiments have revealed *Refore EY 

irying reactions to nitroglycerin. Essex et After nitroglycerin. 

|! and Boyer and Green® showed an increase 

| coronary flow, but did not measure cardiac isolated dog heart with fixed work and heart 

ork or oxygen consumption. Foltz et al.** rate, showed that nitroglycerin acted as a 

monstrated a 12-per cent decrease in car- ‘*pure dilator’’ with decreased arteriovenous 

ae oxygen extraction during the first min- oxygen extraction as coronary flow increased.* 

e following a single 0.6-mg. dose of nitro- 

yeerin intravenously in the dog, but did not 


‘asure cardiac work or oxygen consumption, 


In our own studies of the intact dog under 
varying anesthetic agents, when nitroglycerin 
Was given as a constant intravenous infusion 
to the point of constant hypotension (at least 
lerate the heart and cause a small decrease 20 per cent below control value) we could not 


naller doses had no such effeet but did ac- 


blood pressure. Eckstein and co-workers‘ consistently demonstrate either coronary dila- 
jected nitroglycerin directly into a coronary tation or decreased oxygen extraction; ney- 
tery in 3 dogs. They found a 25-per cent ertheless a decrease in cardiae efficiency was 
‘rease in flow in 2 of 3 and an unchanged always seen.** The difference 


vgen consumption, but cardiac work was 


between our 
findings and those of others remains unex- 
t measured. Sarnoff and associates in the plained. 
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The presently reported studies in man 
would indicate that myocardial oxygen con- 
sumption is increased during the administra- 
tion of nitroglycerin. This is based on the 
fact that coronary flow increased by 63 per 
cent while the oxygen extraction remained 
unchanged. Coronary venous oxygen samples 
drawn at various times from 1 to 10 minutes 
after sublingual administration of nitroglye- 
erin did not increase in content over the 
control value. 

An alternative explanation of the experi- 
mental findings is a redistribution of blood 
flow within the myocardium, such that there 
was shunting of blood via other venous chan- 
nels than the coronary sinus, and that this 
blood had very little oxygen extracted from it 
(as with arteriovenous fistula). This would not 
explain the fact that while the coronary ar- 
tery-coronary sinus difference for oxygen was 
unchanged, the same samples revealed a nar- 
rowed arteriovenous difference for nitrous ox- 
ide. This would confirm the presence of in- 
creased outflow of blood from that portion of 
left ventricle drained via the coronary sinus 
and that oxygen consumption of that portion 
of myocardium seemed increased. 

This increase in oxygen utilization is not 
altogether surprising in the light of in vitro 
studies of the biochemical action of the ni- 


* Hunter has shown that the various 


trites.* 
nitrites increase oxygen utilization in a man- 
ner similar to dinitrophenol, namely, uncoup- 
ling of oxidative phosphorylation. The very 
same action which relaxes smooth muscles may 
affect cardiac muscle contraction.2*> Other 
stimuli are known to evoke greater increases 
in coronary blood flow than nitroglycerin.* 
The increase of coronary flow may be solely 
that demanded by the increased myocardial 
needs for oxygen under the influence of nitro- 
glycerin. 

While cardiac oxygen consumption was ele- 
vated, cardiac work remained unaltered: 
cardiae efficiency decreased. This change in 
efficiency was not attributable to increased 
heart rate [oxygen consumption was still in- 
creased when computed per second of con- 
traction (table 2) |,® or large increase in car- 
diac diastolic volume.”® 
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Other Hemodynamic Changes Induced 
Nitroglycerin. There was remarkably lit 
change in eardiae work. Blood pressure fi 
slightly while output remained the same 
increased slightly. These findings agree wi |) 
Starr’s early studies?’ but not with Wegri: 
ballistocardiographie findings of marked 
crease in output.** Eldridge reported simi] 
observations on cardiac output and work, a 
also demonstrated that nitroglycerin modifi 
the blood pressure response to exercise 
well.” 

Johnson et al.®? recently reported tl 
nitroglycerin 


lowered pulmonary §arter 


* 
pressure. This pressure decrease may be ; 


tributed to a decrease in central blood vy 
ume,”° and in the diastolic filling pressure 
the 2 ventricles, presumably related to a los 
of venomotor tone.*! We have oceasiona! 
seen profound hypotension in the recumbe 
position when acute arterial bleeding of 100 
ml. is superimposed on nitroglycerin admin- 
istration. This severe hypotension is attended 
by a concomitant fall in cardiae output and 
an unchanged systemic resistance. It is quickly 
reversed by non-cardiotropic —vasopressor 
agents. 
SUMMARY 

In 10 normal or mild cardiae subjects 
observations of coronary and systemic cir- 
culatory dynamics and myocardial gaseous 
metabolism were made before and after the ad- 
ministration of nitroglycerin. Following nitro- 
glycerin, myocardial oxygen consumption in- 
creased. Presumably related to this increased 
oxygen demand, coronary flow’ inerease, 
mediated by a lowered coronary vaseular re- 
sistance. The increase in myocardial meta 
lism was associated with unchanged car 
work and a fall in myocardial efficie 
These changes were considered consistent \ 
in vitro observations of increased oxygen « 
sumption induced by nitrites during oxida‘ 
phosphorylation. 

In these patients, cardiac output was es: 
tially unchanged, while blood pressures 
creased minimally. There were, howe 
significant decreases in pulmonary art: 
pulmonary wedge, and right atrial press\ 
suggesting a relaxation of venomotor tone 
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SUMMARIO IN INTERLINGUA Observations on the vasodilating properties 
of urine: I. Comparison of the effect of 
human urine and nitroglycerin on coronary 
resistance and myocardial oxygen consump- 
tion in the isolated supported heart prepa- 
ration. Cireulation Res. 6: 522, 1958. 

GorLIN, R.: Studies on the regulation of the 
coronary circulation in man: I. Atropine 
induced changes in cardiac rate. Am. J. 
Med. 25: 37, 1958. 

Hamitton, W. F., Rivey, R. L., Arryan, A. 
E., CourNAnbD, A., PowEetL, D. M., Him- 
MELSTEIN, A., NoBLE, R. P., Reminaton, J. 
W., RicHarps, D. W., Jr., WHEELER, D. C., 
AND WitTHAM, A. C.: Comparison of Fick 
and dye injection methods of measuring 
cardiac output in man. Am. J. Physiol. 
153: 309, 1948. 

Bina, R. J.. HAammMonpD, M. M., HANDELSMAN, 
J. C., Powers, S. R., Spencer, F. C., 


in 10 normal o levemente cardiac subjectos, 
servationes relative al dynamica circulatori 
ronari e systemic e al metabolismo gasose 
vocardial esseva facite ante e post le admin- 
ration de nitroglycerina. Post nitroglycer- 
i, le consumption myocardial de oxygeno 
ssceva. Probabilemente in dependentia de 
e augmentate demanda de oxygeno, le fluxo 
ronari se intensificava, mediate per un plus 
sse resistentia del vasos coronari. Le aug- 
nto del esseva 
sociate con constantia del labor cardiae e un 
Iste alte- 
ritiones esseva considerate como congruente 


metabolismo myocardial 
duction del efficacia myocardial. 


con observationes in vitro de augmentos del 
consumption de oxygeno inducite per nitritos 


durante le phosphorylation oxydative. 


In iste patientes, le rendimento cardiac es- 


seva essentialmente inalterate, durante que le 


tcnusion sanguinee descendeva minimalmente. 
Tamen, il oceurreva reductiones significative 
del tensiones pulmono-arterial, pulmonar a 
cuneo, e dextero-atrial. Isto pareva indicar un 
relaxation del tono venomotori. 
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Medical Eponyms 


By Rosperr W. Buck, M.D. 


S Curve of Ellis. At a meeting of the Boston Society for Medical Improvement, Octo- 
ber 13, 1873, Professor Calvin Ellis (1826-1883) of the Harvard Medical School dis- 
cussed “The Line of Dulness in Pleuritic Effusion.” His remarks were reported in the 
Boston Medical and Surgical Journal 90: 1314 (January 1) 1874. 

“In a certain number of cases where the effusion is quite large, if an accurate line be 
drawn, the flatness will be found to describe a curve, gradually approaching the spine 
toward the base of the chest, having a space from one to three or more inches broad 
between the spine and the line of flatness. In this space, resonance will still be detected, 
and respiration heard. As the effusion increases, this line approaches nearer and nearer 
the spine, until the whole back becomes flat.” 

The attention of Dr. Ellis was called to the fact that Damoiseau had described a similar 
curve, and he said that until his attention had been called to this, he had not been aware 
that the point had been observed but that Damoiseau’s description of this curve agreed 
with his observation. 

His (first) article on “The Curved Line of Pleuritie Effusion” appeared in the Boston 
Medical and Surgical Journal 95: 689-697 (December 14) 1876. It consists of a series 
of case histories and several diagrams showing a curve on the posterior aspect of the 
thorax in the form of an S, whose tail begins at the vertical column and whose tip 
descends into the axilla towards the sternum. The text contains no description of the 
term. The term S Curve of Ellis was applied by Garland (cf. Garland’s Triangle). 





Effect of Nitroglycerin on the Coronary Circulation 
in Patients with Coronary Artery Disease or 
Increased Left Ventricular Work 


By Ricuarp Gorin, M.D., Norman BracHFre.tp, M.D., Contin MacLeop, M.D., 
AND PIERRE Bopp, M.D. 


Except for the electrocardiogram objective evaiuation of the functional state of the 
coronary circulation in man is often difficult. The nature of the coronary circulation 
in the presence of known coronary insufficiency has not been evaluated. In this report, 
17 patients were studied of whom 14 had angina pectoris. Observations were made of 
coronary blood flow and hemodynamies both at rest and following administration of 


nitroglycerin. The authors conclude that resting coronary flow is normal, but cannot 
increase further with dilators. They consider this phenomenon a consequence of prior 
exhaustion of the dilator capacity of the arterioles in compensation for the atherosclerotic 
obstruction of the coronary tree. The “tixed flow” concept is suggested as an objective 


means of detecting coronary insufficiency. 
other than general coronary dilatation. 


| pte the present time few objective as- 


sessments' of the state of the coronary 


circulation have been made except for elec- 
trocardiographie and ballistocardiographie 
observations. In these studies correlatien was 
possible only with clinical findings and post- 
mortem observations. The electrocardiogram 
las been extremely helpful, particularly when 
it has indicated myocardial ischemia. As has 
‘1 pointed out by many workers, however, 
rives only indirect information concerning 
state and adequacy of the coronary cireu- 
on. Inadequate technics have limited the 
ulsition of knowledge about the functional 
e of the diseased coronary circulation in 
1. Physiologie principles have been freely 
lied to the understanding of other cardiac 
blems, particularly valvular heart disease* 
congestive failure.t A similar physiologic 
roach to the coronary circulation would be 
alue. 
| order to be detected by a test of physio- 


om the Medical Clinie, Peter Bent Brigham 
ital and Department of Medicine, Harvard Medi- 
chool, Boston, Mass. 

pported by grants from U.S. Public Health 
ce (N.I.H. H-2637), Massachusetts Heart Asso- 
n, Morris County Heart Association (New Jer- 
Kriendler Memorial Foundation, Rhode Island 


Association and Howard Hughes Medical 
ute, 


Nitrites probably relieve pain in some manner 


logic function, disease of an organ system 
must be diffuse and often far advanced. The 
patchy distribution of the lesions of athero- 
sclerosis has raised doubts that a uniform de- 
crease in function of a given organ system 
always takes place. Nevertheless, it has been 
shown that patients with cerebral arterioscle- 
rosis show a statistically lower cerebral blood 
flow per 100 Gm. of brain tissue than do nor- 
mal subjects.” Despite the patchy distribu- 
tion of the disease, there are apparently 
enough lesions to affect function. The coro- 
nary vessels show a somewhat similar patho- 
logic picture. Pathologic studies conducted 
by many workers have demonstrated that 
these arteries seldom show a single vascular 
disturbanece,** but more often demonstrate 
diffuse involvement of the entire coronary 
vascular tree with varying types of lesions, 
areas of narrowing, thrombosis, occlusion, ete., 
all leading to increased large vessel resistance 
to blood flow. The diffuseness of the disease 
process may affect measurable functions in 1 
of 2 ways: decrease resting coronary flow and 
possibly myocardial oxygen consumption val- 
ues, and thus differ from normal resting val- 
ues, aS was seen in cerebral arteriosclerosis ; 
limit the vasodilator capacity of the coronary 
arteriolar bed and thus differ from the normal 
in the ability of the coronary circulation to 
deliver more blood upon demand. Such a de- 
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TABLE 1.—Clinical Evidence of Coronary Insufficiency 


Angina Nitroglycerin 


Electrocardiogram 
Patient Diagnosis pectoris 


pain relief Rest Exercise 


Coronary artery disease 


1 Coronary artery Present Partial Ischemia 


sclerosis 
Coronary artery Present Good Ischemia + old myoeardial 
sclerosis infaretion 


Coronary artery Present Good Negative Equivoeal 
sclerosis 
Coronary artery Present Good but slow 


Depressed S-T segment Abnormal 
selerosis 


in AVF 
Good Inverted T wave, leads 
I, aVi. + precordial lead 
Left ventricular Abnormal 
hypertrophy 


Coronary artery Present None ? old posterior myoeardial Abnormal 


infarction 


Coronary artery Present 


sclerosis 


Coronary artery Present Partial 


sclerosis 


sclerosis 


creased left ventricular work 
] Mitral insufficiency Present Not used Left ventricular 
hypertrophy 


Mitral insufficieney Left ventricular 


hypertrophy 
Mitral insufficieney Left ventricular 
hypertrophy 


Aortie insufficiency Present Partial Left ventricular Abnormal 


hypertrophy 


Aortie stenosis Present Not used Coronary T waves—left 


ventricular hypertrophy 
Aortie stenosis Present Partial Left ventricular 
hypertrophy 


Aortie insufficiency Present Partial Left ventricular Abnormal 


hypertrophy 
Aortie stenosis Left ventricular 
old myoe. infarct. hypertrophy 
Aortie stenosis + Present Not used Left ventricular 


Abnormal 
insufficiency 


hypertrophy 
10 Aortie stenosis + Present No relief Left ventricular 
insufficiency 


hypertrophy 


crease in dilator capacity has been seen in 


drug was used as the first coronary dili 
cerebral vascular disease.* 


agent in the abnormal patients because of 
patients’ familiarity with it and its simpli 
consequences of vascular disease, observations and relative safety. 
were made at rest and following an agent al- 


To assess the above-mentioned physiologic 


This report presents 
servations in patients with either clinical ¢ 
leged to increase coronary flow. In the pre- 


ceding paper’’ nitroglycerin was shown to in- 
duce an increased coronary blood flow in 
normal or nearly normal individuals. This 


nary artery disease or a chronically incre: 
left ventricular work load. These 2 cates: 


may be expected to challenge the vasodila ng 


= 


capacity of the coronary vascular bed. 
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TABLE 2A.—Effect of Nitroglyccrin on the Pulmonary and Systemic Circulations in Patients 
with Coronary Artery Disease 


Ventricular Vascular 
work resistances 

(Kg.M./min. (dyne sec. 

/M.*) em.) 


_____Pressures (mm. Hg) __ 
Brachial artery 


| 


) 


/min./M. 


Heart rate 


(L. 


| Systolic mean | 
Diastolic mean 
capillary mean 


|Body surface 
jarea (M.*) 
Cardiae output 


Pulmonary 
artery mean 
Right atrial 
Pulmonary 
Pulmonary 
Systemic 


Patient 


130 105 
105 90 





se] 
So 


2192 


2762 


= 80 
~I 


eo 
ou 


100 87 
52 48 
102 85 
90 83 
108 102 
100 95 
122 107 
92 87 


L 


to to 
bo a —) 


2 
' 


- & 


o 


106 85 
92 75 
: 134 95 
44 B 5 a) 100 82 


\verage 
78 3.1 115 95 
50 . 82 2.6 90 80 
Change (9%) 
+5 —16 —22 


*Before nitroglycerin. 
+After nitroglycerin. 


MATERIALS AND METHODS 

Kighteen observations were made in 17 patients 
(table 1). Group I (the “coronary” group) con- 
sited of 7 patients with coronary sclerosis and 
angina pectoris. Group II (the “work” group) 
consisted of 10 patients: 3 with mitral insuffi- 
woney, 4 with aortie stenosis, 3 with aortie in- 
si ‘ficieney; 7 of the 10 had angina pectoris. All 
} ‘ients were classified in disability groups 3 or 
! .ccording to criteria of the American Heart 

ociation, 
‘he methods utilized were described in the pre- 
ng paper.’ In addition to right heart cathe- 
zation, left heart catheterization was performed 
the patients with aortie valvular disease." 
‘ular regurgitation in liters per minute was 
nated by the method of Korner and Shilling- 

11, 12% 


i patients 9 and 10 of group IT the aortie valves 


examined cinegraphieally at autopsy. On the 
s of ealeulated areas the volume of regurgitation 
verified hydraulieally.13 


1104 

853 

- 1419 

- — 1488 
.76 113 1280 
.70 104 1230 
— —_— 2192 
1449 

0.88 104 1840 
0.60 106 1010 


0.94 110 1311 
0.49 93 2220 


4.6 0.86 109 1620 
0.60 99 1573 


By means of formulas described elsewhere! left 
and right ventricular work were calculated as 
Ke.M./min./M.2 In aortie valvular disease left 
ventricular systolic mean pressure was used in 
the work calculation. This value was back ealcu- 
lated from the valve area calculated during the 
left heart catheterization! 1° using hemodynamics 
measured at the time of each of the 2 coronary 
flows. Cardiac outputs entering the work ealcula- 
tion in the patients with valvular insufficiency 
included both effective and regurgitant flows.!! 

Systemic and pulmonary resistances were caleu- 
lated!! as dyne see. em. Coronary vascular re- 
sistance, both mean and diastolic, and myocardial 
oxygen consumption were calculated as deseribed 
previously.!° Mechanical efficiency was calculated 
both per 100 Gm. and for the estimated total left 
ventricle,’ in the coronary group. Because actual 
left ventricular weight was obviously much greater 
than the estimated values in subjects with electro- 
cardiographie signs of hypertrophy, no ealeulated 
estimates were made in the “work” group. True 
left ventricular weights were obtained in patients 
9 and 10 at autopsy. 





TABLE 2B.—Effect of Nitroglycerin on the 


Circulation in 
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Patients with Coronary Artery 


Disease 


Coronary 
vascular 
resistance 
(dyne sec. 
em.>) 


Cycle 
duration 
(sec. /min.) 


Coronary 
flow 
(ml./min.) 


Patient 
Systole 
Diastole 
Diastolic 
Estimated lef* 
ventricular wt. 
Per 100 Gm. 

| Per left 

| ventricle 


oo 


88 
90 
118 
61 
129 
126 
133 
122 
100 
92 
69 
50 
119 
101 


Average 
7.6 
38.0 
Change (% ) 
0.5 +6 0 +5 
“Before nitroglycerin. 
+After nitroglycerin. 


{This patient had left ventricular hypertrophy by 


lying coronary vascular disease. 
and high coronary resistance per 100 Gm. 
§Times 10°. 


RESULTS 
General Hemodynamic (Tables 
2A, 3A). Effective cardiac output averaged 
3.3 L./min./M.? and in contrast to the un- 
changed flows in the normal group, decreased 
15 per cent to 2.8 L./min./M.? after nitro- 
glycerin. 


Changes 


Brachial arterial systolic mean 


blood pressures decreased 20 per cent while 
mean and diastolic mean pressure fell 16 and 


15 per cent respectively. Left ventricular 


work decreased 30 per cent over the resting 
value, while in the ‘‘normal’’ patients work 
did not change. 


Left 
ventricul: 
efficienc 

(%) 


ventricular 
Oxygen consumption work 


(ml.) (Kg.M./min.) 


‘min. 


Per 100 Gm. 

ventricle/min. 

Per systolic 
Kg.M. work 


Per left 
systolic second 


| Per 100 Gm. 
Per M.2 (body 
surface area) 
Per 100 Gm 


sec. 


105 
178 


— 
Do 
_ 
_ 
_ 
oo 


to 
to 
—_ 
~_ 


120 
156 
085 
104 
100 
O80 


_ 
— TO 
a 


i 3e 
te 


% 


-089 
.076 
058 
059 
070 


156 


EKG, probably secondary to the under- 


This would seem to explain the apparently low coronary flow 


Following nitroglycerin, pulmonary arie- 
rial and capillary pressures and right atri: 
pressure decreased from 50 to 62 per cent 
low the control values, the fall being gre: 
Right \ 
only 6 ¢a 


the higher the initial pressure. 
tricular work, measured in 
showed a decrease. Pulmonary vascular 
sistance did not change in 6 patients stud 
Systemic vascular resistance showed 
change in any group. 
Cardiae rate increased only slightly 

insignificant changes in systolic and dias 


periods. 




































TABLE 2C.—Effect of 


TROGLYCERIN AND CORONARY CIRCULATION 


Nitroglycerin on Myocardial Gaseous Metabolism in 





Patients with 


Coronary Artery Disease 





Coronary sinus 


Oz content CO: content Oxygen 
Patient (vol. %) (vol. %) (mm. Hg) 
62.5 20 






















| 





























































5.8 
5.9 


Average 56.8 


54.8 


*Before nitroglycerin. 
+After nitroglycerin. 


Coronary Hemodynamics (Tables 2B, 3B). 


Coronary flow averaged 82 ml./100 Gm./min. 


the ‘‘coronary’’ and 77 ml./100 
:. ‘min. in the ‘‘work’’ group—both figures 
ver than the resting normal value of 66 


100 Gm./min. 


group 


Following nitroglycerin, 
y decreased 16 per cent in the ‘‘coronary’’ 
ients and was essentially unchanged in the 
ork”? the ‘‘normal’’ 
jects flow increased 63 per cent. Coronary 
istance did not change (—4 and 0 per cent) 
lificantly in either the ‘‘work’’ or the 
‘ronary’’ groups except for 2 patients (9 
| 2) in the ‘‘work’’ group. 
lyocardial Gaseous Metabolism (Tables 
and 2C and 3B and 8C). Coronary venous 
«| varied in oxygen content from 3.2 to 
volumes per 


group, Whereas in 


cent. Similarly, oxygen 
ration ranged from 18 to 42 per cent 
tension averaged 20 mm. Hg. There were 
‘onsistent changes in any values after 
wlycerin, including samples drawn within 


first 2 minutes after 


administration. 





Gas tensions 





Coronary arteriovenous 
difference (vol. %) 





Carbon Oz 
dioxide saturation Carbon 
(mm. Hg) (%) Oxygen dioxide 
52 33 MS 9.4 
57 35 10.2 7.4 





11.9 
11.1 
8.6 
7.6 
12.6 7.2 
11.9 11. 
11.5 
13. 
9.: 
8. 
12. 
12.2 






10.8 


Similarly, there were no major deviations 
from normal in coronary venous carbon di- 
oxide content, partial of carbon 
pH. Extraction of oxygen and 
production of carbon dioxide remained essen- 
tially unchanged. 

The utilization was 
slightly higher in both groups compared to 
the normal. 
consumption 
changed. 

Resting myocardial efficiency per 100 Gm. 
was slightly decreased in the ‘‘coronary’’ 


pressure 
dioxide, or 


myocardial oxygen 
Following nitroglycerin, oxygen 


decreased or remained un- 


group as compared to the normal group (ex- 
cept 6). Efficiency per 100 Gm. of left ven- 
tricle was normal or greater than normal in 
the ‘‘work’’ group. The presence of increased 
muscle mass the latter group, however, 
vives a false picture of myocardial efficiency.! 
This was best illustrated when total efficiency 
was calculated for patients 9 and 10 in whom 
actual left ventricular weight was known: 
whereas efficiencies per 100 Gm. of left ven- 


in 
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TABLE 3A.—Effeet of Nitroglycerin on the Pulmonary and Systemic Circulations in Patients 
with Increased Left Ventricular Work 


Ventricular Vascular 

Cardiac work resistances 

output (Kg.M. (dyne sec. 
(L./min.) Pressures (mm. Hg) min. /M.*) em.-5) 


o* 


Brachial artery 


*) 


Body surface 
area (M. 
Heart rate 
per min. 
Effective 
Systolic 
mean 
Diastolic 
Pulmonary 
artery mean 
Right atrial 
Pulmonary 
capillary mean 
Pulmonary 
temil«c 


Patient 


| Total per M. 


~t =I 
1 @ 
1 @ 
— 


— 1s 
ot oe 
— @ 


uw 
to 
uo 


105 92 - 5.2 - - L500 
100 &: - - SR 1556 
103 9% 88 - J . 1200 
58 5 5 - - - 6 - 1105 
111 : - - - : 0.91 56 1580 
ot : 7 3.6 90 2 ie -— -— 5.< — — 1552 
110 Q5 8: f 20.! 0.98 S40 
10 24 .88 9, 5: 105 8. 8: 7 . ¢ 9.6 0.88 


Average ) 5.3 3. 109 ; 5 2 r 0.90 
37 ofa 24 89 ¢ ¢ “ 0.57 
Ciange (¢ 


18 ) : 47 GS 


***Total’’ refers to total minute volume including regurgitant flow. 


+‘ Effective’’ is that portion delivered to peripheral tissues. 

tLeft ventricular systolic pressures not shown in this table were measured at left heart 
catheterization and used in caleulation of total left ventricular work. 

§Before nitroglycerin. 

{After nitroglycerin. 

8a=Preop. aortie valvuloplasty. 

8b=Postop. aortie valvuloplasty. 


tricle were 117 and 84 per cent respectively, activity of the heart. Oxygen consump 
the efficiencies for the total left ventricle per second of systole* was increased over 
were 48 and 34 per cent respectively. A resting values or was unchanged follow 
further decrease in efficiency occurred = af- nitroglycerin in both groups. When 

ter nitroglycerin in both groups. In tables pressed in terms of consumption per | 

2B and 3B are various derivations of oxygen (Wide cabeeiation adinshe tor the eltects of on 
consumption in relation to the hemodynamic rate on oxygen consumption. 
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TABLE 3B.—Effect of Nitroglycerin on the Coronary Circulation in Patients with Increased 
Left Ventricular Work 
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Cycle resistance Coronary ventricular ventricular 
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36.4 


35.5 


94.4 
90.4 


70.3 
65.4 
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“Before nitroglycerin. 
+After nitroglycerin. 
tTimes 10°, 

§All calculations based on left ventricular weights and aortie valve areas measured directly 
at postmortem examination. 






work* oxygen expenditure per 100 Gm. fore increased in terms of total heart weight.! 





| systolic second was increased in the ‘‘cor- Oxygen consumption per Kg.M. increased 
‘ ry’? group as compared with the normal. after nitroglycerin in both groups. 







the ‘‘work’’ group oxygen consumption 
- : Discussion 
| Kg.M. was normal per 100 Gm. and there- ai , 

= - Validity of Method 


‘his caleulation derives the oxygen cost of a = se 3 : 
ram meter of work after oxygen cost has been lhe validity of the nitrous oxide flow meth- 
sted for time spent in construction, od in the presence of obstructive vaseular 
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TABLE 38C.—Effect of Nitroglyccrin on Myocardial Gascous Metabolism in Patients with 
Increased Left Ventricular Work 


Coronary arteriovenous 


Coronary sinus difference (vol. %) 


Gas tensions 
Carbon O: 
dioxide saturation 
(mm. Hg) (%) 


Oz content 
(vol. %) 


CO: content 
(vol. %) 


Oxygen 


Carbon 
(mm. Hg) 


Patient dioxide 


Oxygen 


6.0* 
6.07 
6.0 

5.5 


3.9 


4.7 


Average 
54.9 
54.1 


*Before nitroglycerin. 
yAfter nitroglycerin. 


disease has been questioned. The major eriti- 
cisms have been that functioning tissue may 
be inadequately perfused or that much of the 
blood may perfus®™nonfunctioning sear. tis- 
sue in a diseased organ. Poor regional per- 
fusion could conceivably interfere with up- 
take of nitrous oxide by myocardium. Full 
myocardial saturation with gas was revealed, 
however, by the nearly identical concentra- 
tion obtained from arterial and coronary ve- 
nous blood drawn after 10 minutes’ breathing 
of nitrous oxide. At this point, sampling of 
flow during nitrous oxide desaturation was 


46 32 
36 


42 
51 oe 


41 


> 
, 
1 


48 18 


45 »~0 


24 
24 


begun. The proponents of the method!) 
have pointed out that when the nitrous ox 
was removed from the blood (arterioven: 
difference) this represented extraction by | 
fused tissue. If the coronary sinus wer 
receive venous blood from many fibrous 1 
muscular portions of the heart, then niti 
oxide and oxygen present in arteries ente! 
these areas would be removed to only a m 
mal degree compared to that taken up 


muscle tissue. ‘conta 


nated’’ curves and abnormally narrow a 


As a consequence 


riovenous differences for nitrous oxide 
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1 oxygen would be obtained and flows so 
ileulated would be higher than normal. No 
ich observations have been made in this 
udy, indicating that sampling of perfused 
iturated muscle was adequate. Because flow 
measured for a representative 100 Gm. of 
ie perfused left ventricle, and because the 
iaracteristics of the sampling were no dif- 
‘rent from normal, either with respect to 
ituration or shape of the arteriovenous 
irve, it can be assumed that flow was meas- 
‘ed primarily for perfused viable left ven- 
icular muscle. Moreover, each patient 
rved as his own control and findings could 
duplicated in 1 patient on 2 separate occa- 
ms. Whatever the cause, a striking differ- 
ice Was shown between the response of the 
mal and the abnormal circulations. 
These findings were confirmed by an inde- 
ndent method, the transcoronary cireula- 
on time.!® I!3! serum albumin was injected 
intravenously as a tracer substance and its 
uussage was detected first by a surface scintil- 
lation counter placed over the precordiam and 
secondly on arrival at the coronary sinus. 
nee the isotope was contained completely 
within the vaseular tree, this circulation time 
uld independently check on the direction 
flow. Table 4 shows that coronary cireu- 
‘ion time decreased following nitroglycerin 
normal subjects, but remained unchanged 
actually increased in abnormal patients. 


modynamic Changes 


(reneral Circulatory Dynamics. That ear- 
i¢ work would decrease in the abnormal pa- 
nts while remaining unchanged in normal 
's, would suggest that the decrease in work 
not due primarily to loss of venomotor tone 
th a resulting fall in eardiae filling pres- 
‘e, as this latter change occurred in both 
ups of patients. Ziffer and co-workers!” 
wed that sodium nitrite caused cardiac 
put to fall in normal subjects and to rise 
patients with congestive failure when ve- 
is pressure decreased ; they believed this to 
an expression of Starling’s law. Our pa- 
its with heart failure, on the other hand, 
ved a striking decrease in work after ni- 


TABLE 4.—Transcoronary Circulation Time (TCT) 


Arrival 
time (sec.) 


Nitroglycerin 
Left heart 
venous (CV)* 


Net cor. 


| TCT (LH-CV) 


| Patient 


No 1 


‘*Coronary’’ ¢ 15 
13 


group no. 5 
Abnormal 

‘*Work?? ‘ : 24 11 
group no. 1 p 21 11 


*Net coronary venous arrival time=time corrected 
for eatheter-to-counter time delay. 

a=Before. 

p=After. 


troglycerin. This would seem most consistent 
with the concept that nitroglycerin affects 
circulatory function via the myocardium as 
well as via the vessels peripherally. In fact, 
various workers have commented on the se- 
vere and occasionally dangerous hypotensive 
effects of nitroglycerin in coronary patients.?” 
Pulmonary venous pressure decreased more 
in those with an initially elevated pressure. 
This probably depended on the shape of the 
veno-atrial volume elasticity curve.?!: 7° 
Coronary Circulatory Dynamics. Resting 
values for coronary blood fiow and myoear- 
dial oxygen consumption per 100 Gm. of left 
ventricular muscle were somewhat increased 
in the ‘‘coronary’’ and ‘‘work’’ groups as 
compared to our ‘‘normal’’ patients. That 
these values were normal or greater would be 
expected, since cardiac work performance at 
rest is the same in both normal subjects and 
in our patients with coronary inadequacy. 
Cardiac muscle has little potential for oxygen 
storage,”* is ill-equipped for anaerobic glycol- 
ysis aS a major energy source** and oxygen 
is almost maximally extracted from each mil- 
liliter of blood passing through the coronary 
capillary bed.?° All these factors make the 
coronary system a flow-sensitive system.*° 
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This situation differs from that in patients 
with cerebral arteriosclerosis whose oxygen 
consumption per 100 Gm. of brain tissue is 
decreased and therefore whose flow is reduced. 
In addition, cerebral oxygen extraction is so 
small that a large oxygen reserve remains 
available even if cerebral flow were re- 
stricted.!* 

When nitroglycerin was given, coronary 
blood flow failed to increase normally and, 
in fact, decreased in some patients. Coronary 
vascular resistance was found to be virtually 
fixed. 
similar findings in a single case of angina 


Lombardo and co-workers reported 


pectoris subjected to exercise.“° The increase 
in coronary flow in their patient directly par- 
alleled an increase in blood pressure with a 
fixation of the coronaiy vascular resistance 
(presumably due to coronary artery disease). 

With a fixed coronary arteriolar resistance 
and fixed flow, oxygen supply to the heart is 
necessarily limited unless flow is augmented 
by an increase in perfusion pressure, or the 
last 0.02 to 0.03 ml. of oxygen are extracted 
per ml. of blood. A fixed coronary resistance 
The first 
to be considered is coronary vascular disease. 


was found in 2 ¢linical conditions. 


These patients had angina pectoris by the 
usual criteria (table 1). In these individuals, 
pathologic examination would undoubtedly 
demonstrate obstruction of at least 2 coronary 
arteries.’ Hypoxia following obstruction of 
a large artery results in the opening up of 
collateral circulation.** This situation differs 
from that in an ischemic extremity, where 
deficient flow can readily be compensated for 
The lack of 
such potential in the heart equates decrease in 
flow with production of hypoxia—all other 
factors remaining the same. 


by increased oxygen extraction. 


It would appear 
that hypoxia had already produced near max- 
imal coronary vasodilatation in this group. 
The reserve for further vasodilatation was 
nearly exhausted. Physiologically, as well as 
pathologically, the disease of the coronaries 
was diffuse. 

The second clinical group with fixed coro- 
nary arteriolar resistances were those patients 
with a long-standing, marked increase in left 
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ventricular work. Seven patients had aort 
stenosis or insufficiency; 3 had severe mitr 
insufficiency with an unusually high flow loa 
In this group, total coronary blood flow 
increased at rest merely to meet increas: 
work demands of the hypertrophic ventricl 
Experimental studies dating from the tw 
of the century have indicated that delive 
of increased pressure or flow demands an i 
creased myocardial oxygen and substrate co 
sumption.“> Studies in man have shown 
direct relationship between myocardial ox 
gen consumption and work performed.” 

would appear reasonable that, if the wo 


7 
load were large enough and hypertrophy e 
GS GS . . 


cessive, at some point the capacity of the vi 
cular bed to dilate to meet the need for ox 
gen might be almost fully utilized even 
rest. The limiting point of course would | 
brought on sooner if intrinsic coronary arte- 
rial disease were already present. 

The interplay of work, hypertrophy, and 
vascular disease is illustrated by the findinys 
in 2 patients not in this series. In both a 
coronary reserve could be demonstrated de- 
spite serious heart disease. 

The first patient was a woman of 36 with 
Blood 
150/65; she had neither cardiac symptoms 
Left ven- 
tricular work at rest was twice the normal, 
vet corona:y flow (already elevated at rest) 
increased 40 per cent with nitroglycerin. 


aortic insufficiency. pressure = was 


nor left ventricular hypertrophy. 


The second patient was a man of 51 with 
surgically proved aortic stenosis (0.5 em."). 
He had adjusted to an extremely low cardiac 
output in the absence of cardiomegaly or gros: 
congestive failure. He did not have angi 
Work output was low normal 2 
coronary flow increased 45 per cent with 


pectoris. 
troglycerin. The resting need for oxyeg 
and therefore coronary flow, was normal : 
reserve for further dilatation remained. 
Similar studies have been done in the 
perimental animal by production of coron 
stenosis. Gregg demonstrated that with | 
gressive arterial narrowing coronary = 1 
could remain unchanged up to a certain p: 
by a concomitant lowering of coronary art 
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lar resistance? These findings were ex- 
wvessed in another way by Case and co- 
vorkers, who showed in the dog that, with 
rogressive anemia, the coronary bed could 
© made to deliver up to 4 times the normal 
esting flow and thus maintain oxygen sup- 
ily." The decreased oxygen-carrying capac- 
ty of the blood was compensated for by an 
nereased coronary flow iesulting from low- 
red coronary resistance. As anemia became 
rogressively worse, coronary dilatation be- 
ame maximal. Bleeding beyond this point 
lepressed the ventricular function curve and 
ed eventually to congestive failure and the 
leath of the animal. In the presence of ex- 
perimental coronary stenosis, dilatation was 
ess effective in increasing coronary flow and 
lepression of ventricular performance 0c- 
curred more quickly. 

The number of arterioles present in the 
iuman heart probably does not increase with 
age, and if the myocardium hypertrophies the 
number of capillaries per mm.” is actually 
Therefore, without new blood 
vessel growth there is a finite limit to the 
degree of vasodilatation that may take place. 
Pathologic studies indicate that coronary scle- 
rosis begins early in life and usually involves 
ihe main coronary arteries**: 3.33 Jong be- 
ore cardiac complaints ever appear. This 
indoubtedly decreases the theoretically avail- 


decreased.*! 


able dilating capacity of the human coronary 
«| and makes it difficult to estimate absolute 
iaximal coronary flow in the so-called normal 
lult. 
Studies with nitroglycerin indicate that 
iis stimulus increases coronary flow by at 
‘ast 50 per cent in normal subjects, but 
irdly at all in the ‘‘coronary’’ and ‘‘work’’ 
‘oups. This is presumably due to prior ‘‘ex- 
‘ustion’’ and the inability of an already 
aximally dilated arteriolar bed to respond 
th further dilatation. This is not to say 
at every patient with angina has completely 
hausted his coronary reserve. In one pa- 
‘nt (no. 9) in whom the pain oceurred only 
th strenuous prolonged effort there was 
ne capacity to dilate, but nevertheless be- 
v that seen in the normal. How often this 


will occur and what its relationship is to se- 


verity of the ischemic process is under inves- 


ligation. 

Failure of vasodilatation was also seen in 
3 individuals who did not have clinical evi- 
dence of coronary insufficiency, but who 
showed a chronically increased left ventric- 
ular work load. This physiologic insufficiency 
without a clinical counterpart is similar to 
the pathologic findings that coronary vascu- 
lar disease may be severe without the exist- 
ence of coronary symptoms. Coronary symp- 
toms without coronaiy disease, however, has 
rarely been demonstrated.** 

Many patients appear with chest pain of 
uncertain etiology. Frequently, the history 
is atypical, the electrocardiogram negative, 
and the effect of standardized effort equivocal. 
The response of the coronary circulation to 
nitroglycerin while indicative only of physio- 
logic coronary reserve insufficiency, may aid 
in objective evaluation of factors responsible 
for pain. At the very least, finding a fixed 
coronary resistance would indicate that the 
oxidative-nutritional reserve of the myoear- 
dium is in marginal balance. A measure of 
leactivity of the coronary circulation before 
and after a drug or surgical procedure de- 
signed to improve coronary blood flow could 
give invaluable objective information coneern- 
ing its efficacy. 

Action of Nitroglycerin. Basing their 
statements primarily on animal experimenta- 
tion, numerous investigators have asserted 
that nitroglycerin is a coronary vasodila- 
tor.**-8" This certainly appears to be true in 
normal and in mild cardiae subjects, but coro- 
nary dilatation was not seen in patients with 
coronary arterial disease or left ventricular 
overloading. Goodman and Gilman in fact 
suggested that ‘‘arteriosclerotic coronary ar- 
teries are not greatly affected by nitrite.’’** 

Although myocardial efficiency fell in these 
abnormal groups, the decrease in caleulated 
efficiency was related to a decreased work 
with a fixed myocardial oxygen consumption. 
Efficiency fell in the normal group also, but 
here the reverse was true—work was main- 
tained as oxygen consumption increased, 





Since oxygen extraction was maximal, in- 
creased supply was accomplished by increased 
coronary flow. These findings are consonant 
with the observation that nitroglycerin un- 


When 


the amount of oxygen delivered to the tissue 


coupled oxidative phosphorylation.*® 


was restricted, the work output of the left 
ventricle of necessity decreased. 

Four- 
teen of the 17 patients in this study had an- 
gina pectoris; in 9 of these 14, nitroglycerin 
was known to give relief of the ischemic pain. 


Nitroglycerin and Angina Pectoris. 


Yet as these observations would indicate, re- 
lief of pain is not easily explained by present 
theories regarding the action of nitroglycerin. 
The fact that coronary flow did not increase, 
but was fixed and occasionally decreased 
would show that relief was not due to gener- 
alized coronary vasodilatation. Myocardial 
oxygen utilization in relation to work done 
was actually greater after nitroglycerin, indi- 
cating that pain was not relieved by an im- 
proved myocardial efficiency. On the other 
hand, since none of the patients was studied 
during an actual anginal attack, one cannot 
be sure that an actual decrease in coronary 
flow may not have occurred due either to arte- 
riolar constriction or vasospasm, and that the 
circulation was merely restored to normal by 
nitroglycerin. Finally, one observation seen 
throughout all these studies was that contrac- 
tility of the heart diminished (possibly due 
to ‘‘uncoupling’’). Cardiae output decreased, 
blood pressure decreased, and diastolic filling 
pressure of the ventricles decreased. One 
hundred years ago, Sir Lauder Brunton in- 
troduced the nitrites in the treatment of an- 
gina as a means of relieving the elevated 
blood pressure, which he believed caused the 
attack.4? It may well be that there is a meas- 
ure of truth in Brunton’s premise. Nitroglye- 
erin may achieve its remarkable clinical ef- 
fects by decreasing the contractility of the 


heart rather than by relaxing the coronary 
vascular tree. 


SUMMARY 
In 17 patients, 7 with coronary artery dis- 
ease and 10 with increased left ventricular 
work load, observations of coronary, pulmo- 
nary, and systemic circulatory dynamics and 
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myocardial gaseous metabolism were made be- 
fore and after the sublingual administration 
of nitroglycerin. Fourteen of the 17 patients 
had angina pectoris. 

Nitroglycerin resulted in a decrease in car- 
diac output, blood pressure, and left ventriec- 
ular work in both ‘‘coronary’’ and ‘‘work”’ 
groups and caused a fall in systemic and pul- 
monary venous pressures. 

Coronary blood flow and myocardial oxygen 
consumption were slightly increased at rest 
with a slightly decreased myocardial efficiency 
as compared to normal. Coronary vascular 
resistance was normal. Following nitroglye- 
erin, coronary vascular “resistance remained 
essentially fixed; coronary flow and oxygen 
consumption were unchanged or actually de- 
creased ; and efficiency fell. 

These findings are believed related to prior 
exhaustion of the available vasodilator capac- 
ity of the heart, either by intrinsic coronary 
arterial obstruction or through hemodynamic 
overloading of the left ventricle by disease. 
The difference in reactivity between the nor- 
mal and diseased coronary circulations is be- 
heved to afford an objective physiologic meth- 
od of assessing the functional adequacy of the 
coronary circulation. 
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SUMMARIO IN INTERLINGUA 

In 17 patientes—7 con morbo de arteria 
coronari e 10 con augmento del carga «d 
labor sinistro-ventricular—observationes rela 
tive al circulation coronari, pulmonar, e sys 
temic e al metabolismo gasose myocardial es 
seva facite ante e post le administration sub 
lingual de nitroglycerina. Dece-quatro del 1% 
patientes habeva angina de pectore. 

Nitroglycerina resultava in un reductio! 
del rendimento cardiac, del tension de sangu 
ine, e del labor sinistro-ventricular in amb 
gruppos e causava plus basse tensiones syst 
mic e pulmono-venose. 

Le fluxo de sanguine coronari e le consump 
tion myocardial de oxygeno esseva levement 
augmentate in stato de reposo, con leve r¢ 











luctiones del effieacia myocardial in compara- 
Le resistentia del 
vasos coronari esseva normal. 


ion con valores normal. 

Post nitrogly- 

erina, le resistentia del vasos coronari esseva 

‘ssentialmente fixe. Le fluxo coronari e le 

‘onsumption de oxygeno monstrava nulle al- 

eration o, de facto, un reduction. Le effica- 

‘ia declinava. 

Es opinate que iste constatationes es rela- 
ionate a un previe exhaustion del disponibile 
‘apacitate vasodilatatori del corde per (1) 
in intrinsee obstruction de arteria coronari 
) per (2) un superearga hemodynamic del 
‘entriculo sinistre in, consequentia de morbi- 
litate. Le differentia del reactivitate de nor- 
ual e morbide cireulationes coronari pare of- 
‘erer un objective methodo physiologic pro 
‘valuta: le adequatia functional del cireula- 
ion coronari. 
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infarction could not be explained on an embolic basis. It is suggested that as a conse- 
quence of the presence of large quantities of S hemoglobin these patients suffered 
pulmonary thrombosis in situ, leading to pulmonary infarction. The increased blood 
viscosity associated with sickling and the number of sickled cells predispose to stasis. 
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Electrocardiographic Patterns in Man at High Altitudes 


By Anprés Rorta, M.D., ANp ANnprEs L6prEz, M.D. 


Electrocardiograms of healthy men both native and long-term residents at 14,900 feet 
above sea level have been obtained and classified according to their dominant pattern. 
Most of the tracings showed signs of either right ventricular hypertrophy or right 
bundle-branch block, incomplete and complete. Some of the mechanisms responsible 
for these electrocardiographie changes found at high altitudes, such as pulmonary 
hypertension, positional changes of the heart, and chronie hypoxia, are discussed. 


HE effect of chronic hypoxia due to al- 
titude on the right side of the heart is 
if particular interest. Measurements made 
mn teleroentgenograms of the heart of normal 
subjects living permanently at an altitude of 
14.900 feet have shown an increase in the 
ransverse diameter of the heart and in the 
‘ardiace silhouette area, as well as a prominent 
pulmonary conus.’ Complementary — fluor- 
oscopic studies have demonstrated that an in- 
crease in the volume of the right cavities 
rather than a total involvement is responsible 
for heart enlargement.4;* More recently, by 
means of cardiac catheterization, a moderate 
but significant increase of the pulmonary ar- 
lery pressure and of total pulmonary resist- 
ance has been found in men at high altitudes.® 
Finally, a variable grade of right ventricular 
livpertrophy has been found in a small num- 
her of postmortem observations on subjects at 
high altitudes dying from work accidents.‘ 
The preceding information, as well as pre- 
iminary observations 
‘arried out at this same altitude,* at lower al- 
itudes,® 


electrocardiographic 


and on miners without pulmonary 
silicosis from various altitudes and studied at 
ea level after several days of residence® sug- 
ests that normal men living at high altitudes 
iust show some electrocardiographiec signs of 
ight ventricular hypertrophy. The work re- 
sorted here was designed to shed some light 
n this problem. Accordingly, electrocardio- 
rams of a group of normal subjects residing 
t high altitudes were taken and compared 
ith normal standards at sea level. 

From the Department of Cardiology, Hospital 
oayza and the Institute of Andean Biology, Faeulty 

Medicine, Lima, Peru. 


MATERIAL AND METHODS 


One hundred and twenty electrocardiograms of 
healthy men, 20 to 54 years of age, and residents 
of Morococha (Peru), at 14,900 feet above sea 
level, were studied. Of the 120 tracings, 106 
were of native Indians and 14 of white or mixed 
race born at sea level but having lived 15 to 30 
years at high altitudes. Clinical examinations 
including x-rays and systemic arterial blood pres- 
sure were made in order to eliminate all possibility 
of respiratory or cardiovascular disorder. In 
some cases the arterial oxyhemoglobin per cent, 
blood volume, blood red cell count, and blood 
hemoglobin concentration were determined. In 7 
cases with typical electrocardiographie patterns, 
right heart catheterization was performed follow- 
ing the method of Cournand and Ranges.!® The 
results obtained by heart catheterization have been 
reported in detail in a previous publication.® 

Electroeardiograms were taken during rest in 
the supine position, with Sanborn Viso-Cardiette 
and Cambridge Simple-Trol electrocardiographs. 
The standard leads, 3 augmented unipolar limb 
leads, and 7 unipolar precordial leads from RV»; 
to Vg were recorded. In 18 instances RV. was 
not registered; in 5 cases, the VE lead was re- 
corded instead of RV., and in 6 additional cases 
leads from right preeordium (RV,, RV;, and RV,) 
were taken. In all tracings height and duration 
of the P, R, S, and T waves in standard and 
precordial leads were measured. The ventricular 
activation time (time of onset of the intrinsic 
deflection), from the beginning of QRS complex 
to the peak of R wave, was measured in V,, V5, 
and Vy. The mean electric axis of QRS and the 
R/S ratio in V,, V;, and V, were determined. 


RESULTS 

A preliminary study of the electrocardio- 
grams permitted us to divide the tracings into 
4 principal groups according to their domi- 
nant pattern: (a) right ventrieular hyper- 
trophy, (b) suggestive of right ventricular 
V p Vv oy os 3 ‘ mn); @) igh 
hypertrophy (S,SS; pattern), (e) right 
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TABLE 1. 
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Electrocardiographic Measurements in Twenty-Three Altitude Subjects with 


Pattern of Right Ventricular Hypertrophy 


Ventricular 
activation 
time (sec.) 


P-R interval 
QRS interval 


P (mm.) 


| Amplitude of 


Vi Va 


0.039 
0.033 
0.035 
0.040 
0.035 
0.034 
0.031 
0.045 
0.040 
0.022 
0.035 
0.040 
0.032 
0.030 
0.022 
0.036 
0.039 
0.036 
0.037 
0.039 
0.035 
0.042 
0.043 
0.035 


0.022 
0.023 
0.030 
0.027 
0.032 
0.038 
0.039 
0.034 
0.043 
0.030 
0.030 
0.034 
0.040 
0.034 
0.035 
0.028 
0.031 
0.029 
0.032 
0.040 
0.036 
0.038 
0.040 
0.033 


0.09 

0.08 

0.08 

17 0.09 
-19 0.09 
18 0.09 
-16 0.08 
-16 0.08 
19 0.09 
18 0.08 
17 «0.10 
17 0.09 
-18 0.09 
0.18 0.08 
0.17 0.10 
0.19 0.09 
0.19 0.08 
0.18 0.07 
0.18 0.08 
0.19 0.09 
0.18 0.08 
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block, 
plete, and (d) normal. 

A. Pattern of Right 
trophy. 


bundle-branch incomplete and com- 
Ventricular Hyper- 
In this group we have gathered all 
the tracings presenting a tall R wave, of 7 
mm. or more, in RVs, V,;, or both, with an 
R/S ratio greater than 1.0 in V, and less than 
1.0 in V; or Ve. 

Twenty-three electrocardiograms (19.2 per 
cent) showed a pattern that we have classified 
as right ventricular hypertrophy because they 
fulfilled several of the criteria followed by 
Sokolow al.,.!°) and 
others!*: in the diagnosis of right heart en- 


and Lyon,'' Myers et 


largement. Nineteen of these 23 cases were 
native Indians and 4 were subjects from sea 
level with long-term residence in Morococha. 


In table 1 are outlined the principal measure- 


The P 
normal limits in 


this 
wave was found to be within 


ments obtained from group. 
exceeded 3. min. 
The P-R inter- 
val ranged from 0.16 to 0.19 second and the 


QRS between 0,07 and 0.10 second. The 


almost all cases and slightly 
in height in only + instances. 
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R/S ratio 
Vi 
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Vs 
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1.31 
1.05 
0.47 


0.52 
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9.7 3.7 
4.1 
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0.72 
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0.84 
0.69 
0.96 
0.57 
0.93 
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height of R in VR was 5 mm. or more in 20 
instances and was between 4 and 5 mm. in the 
QRS in V, or RV; had a 
qR pattern in 11 cases, Rs or RS in 7, and 
rsR in the remainder of the 5 cases; this last 


remaining 3 cases. 


pattern could be considered as incomplete 
associated with 


The 
trical axis of QRS was found strongly devi- 


right bundle-branch block 


right ventricular hypertrophy.'” elec- 
ated toward the right, between 110° and 170°, 
in 13 cases, and strongly deviated toward the 
left, —110° and —172°, in 10 in- 
stances because these had the S,S.S3 pattern 


between 
in the standard leads. An inereased depth of 
the S wave was found in the left precordial 
leads, and, as will be seen later, this is a fre- 
quent finding in the electrocardiogram of high 
altitudes regardless of the pattern of the trac- 


ing. The ventricular activation time ranged 


between 0.22 and 0.35 second in 11 eases, and 
between 0.35 and 0.45 second in the remaining 
2. 


leads IL and III, and in 9 cases in lead II! 


In + instances T’ was found inverted in 


only. In precordial leads, T was found in- 





LECTROCARDIOGRAM AT HIGH ALTITUDES 


Fig. 1. Eleetrocardiographic pattern of right ventricular hypertrophy at high altitudes. 


Cases A and B were catheterized. 


verted 11 times in V,, 5 times in V, and Vs, 
and onee in Vy, Ve, and Vg. The Q-T interval 
was normal in all eleectrocardiograms. 
‘our typical records of this group are re- 
produced in figure 1. Tracing A was in a 
year-old man who had arterial oxyhemo- 
«'obin of 80.5 per cent, a hemoglobin concen- 
tration of 20.2 Gm./100 ml., a mean pulmo- 
ry artery pressure of 25 mm. Hg, a 
lmonary vascular resistance of 415 dynes/ 
em.°, and a eardiae index of 2.92 L./ 
n./M.2 Tracing B was in a subject with 
| per cent of arterial oxyhemoglobin, and 
) Gm. per 100 ml. of hemoglobin ; his mean 
monary artery pressure was 28 mm. Hg; 
pulmonary vascular resistance, 485 dynes/ 
em.*; and his eardiae index, 2.97 L./ 
./M.* The electroecardiographie pattern 
have described in this group corresponds 
the classic pattern of: right ventricular 
ertrophy found in congenital heart dis- 
‘sas well as in chronie cor pulmonale. 
en in these pathologie processes, however, 








an attempt has been made to correlate the 
electrocardiographic pattern-with pulmonary 
hypertension, pulmonary resistance or work 
of the right ventricle, a tall R wave in V, 
with R/S ratio greater than unity have been 
observed to occur in most cases only if the 
mean pulmonary artery pressure!® !* is more 
than 30 mm. Hg, the total pulmonary resist- 
ance! '8 is more than 750 dynes/see./em.*, 
or the work of the right ventricle! 7° is 
higher than 1 Kg./min./M.2 We did not ob- 
tain such high pressures or resistances in the 
2 eatheterized subjects. This observation 
suggests either that there must be other fae- 
tors at high altitudes that contribute to the 
production of this type of electroeardiographie 
pattern or that the right ventricular hyper- 
trophy may occur in the absence of marked 
increase of ventricular pressure, as has been 
found in cases of pulmonary stenosis.*! 

B. Electrocardiographic Pattern Suggestive 
of Right Ventreular Hypertrophy. In this 
group we have considered all records that 





TABLE 2.—Ele ctrocardiographic 
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Measurements in Thirty-Nine Altitude Subjects with 


S,S.S; Pattern 


Ventricular 
activation 
time (sec.) 


P-R interval 
QRS interval 


Amplitude of 
P (mm.) 


rate/min. 


Vi Vi VR 


x 


0.019 
0.017 
0.012 
0.028 
0.022 
-016 
O17 
031 
-O18 
.023 
.030 
039 
-019 
-034 
014 
030 
013 
-016 
O15 
015 
020 
-025 
014 
016 
-021 
-026 
O17 
.039 
036 
-038 
.020 
-031 
030 
.039 
-034 
035 


0.031 
0.030 ‘ 
0.043 aS 
0.029 
0.025 
0.022 
0.030 
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-032 
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038 
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035 
-040 
-041 
.O38 
-025 
.030 
026 
-030 
-025 
029 
-030 
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.032 
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.026 
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039 
-031 
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039 
027 
-035 
-032 
0.031 
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9 
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2 
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presented main deflection downward directed 


than 7 mm. 
1.0 in 
Thirty-nine electrocardiograms (32.5 per 


in the standard leads with R less 
in V,; or RV; and R/S ratio less 
V). 


cent) showed these features. 


than 


Seven of them 
were of long-term residents and the remainder 
of (table 
2) showed a notable left axis deviation, from 
—s0 R 
height in VR, and a deep 8 in the precordial 


native Indians. All these records 


to —172°, an more than 5 mm. in 


leads. The height of P was normal in all 
instances. In 34 cases the ventricular activa- 
tion time in V, 
0.035 second, 


ranged between 0.012 and 


and between 0.035 and 0.039 


1. 


one WwW WW 
to St oo OO oe 


RV: 
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Amplitude of R 


(mm 


Vi 


mm 


a mm OW 
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Amplitude of S 
(mm.) 


Vv 


») R/S ratio 


Vs Vs RVs 


< 


Vi Vs 


1.47 
1.67 
1.50 
0.60 
0.72 
1.04 
0.85 
0.52 
1.46 
0.79 
2.01 
0.84 
0.69 
0.53 


11.0 
15.0 
10.5 
9.0 
9.0 


10.0 
12.0 
8.5 
3.4 


0.57 
0.92 
0.28 
0.85 
0.40 
0.40 
0.90 
0.35 
0.11 
0.22 
0.45 
0.47 
0.31 
0.29 
0.44 0.91 
0.45 2.01 
0.29 1.50 
0.43 0.92 
0.03 0.80 
0.18 1 
0.32 
0.41 
06 
-18 
33 
39 
67 
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32 
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second in 


the The QI 
complex showed a duration of 0.07 to 0 


remaining 5 cases. 
second. The R/S ratio was greater than | | 
in RV; in 11 subjects; in V; or V¢ it was | 
than 1.0 in 23 instances, and greater than 
in the other 16. 
in lead II] in 12 cases, and in V, in 18 s1 


Inversion of T was fou 
jects; inversion of T in Vs or Vs was 
found in any of the records of this group 
contrast to that seen in the previous gro 
Five tracings of this group are reprodu 
in figure 2. Cases A and B represent th 
subjects who were catheterized. Tracing 
was in a 20-year-old native Indian of Mor 





(LECTROCARDIOGRAM AT HIGH 


ALTITUDES 
| ll ii VR VL VF RV3 Vi 


Fig. 2. Electroeardiograms with main deflection downward directed in the standard leads 


usually found at high altitudes. Cases . 


‘ha whose arterial oxyhemoglobin was 81.3 
per cent, and the blood hemoglobin 22.7 Gin. 
100 ml.; he showed a mean pulmonary artery 
pressure of 22 mm. He, a total pulmonary 
esistanee of 292 dynes/see./em., and a ear- 
iae index of 3.94 L./min./M.2 Tracing B 
as taken from a 27-year-old native Indian, 
whom only the right ventricular pressure 
as obtained, with values of 29/3 mm. He for 
stolic and diastolic pressures. 
Tracings with the main deflection directed 
whward in the standard leads have been 
rely found at sea level, even in cases of 
rdiae or 


d iseases.-" 30 


chronic pulmonary 
iis has been interpreted as normal variant, 
clockwise rotation of the heart on its lone 
is with the apex backward displaced, or as 
licative of right ventricular hypertrophy, 
veclally from the vectoreardiographic point 
view.*” This same pattern has been found 
re frequently in cases of chronic cor pul- 
male, congenital heart diseases, cardiac in- 


{ and B were eatheterized. 


farction, and rheumatic involvement of the 


mitral valve.*® In our study all these possi- 
bilities are excluded, since the tracings are 
of normal individuals. In 3 subjects who 
exhibited a typical S,S.S; pattern in the 
standard leads with R/S ratio less than 1.0 in 
V, and RV;, additional leads from the right 
precordium were taken (RV4, RV;, and RV¢). 
tall R 
in such additional leads although the R 

latio became greater than 1.0 in all the 3 


Cases, 


In none of these cases did we find 


A tracing of this type is presented in 
figure 3, with additional leads of the right 
side. It can be observed that the R/S ratio 
was greater than 1 in RV; 

With more severe criteria, most if not all 
of the tracings in this group should be con- 
sidered as representative of right ventricular 
hypertrophy. We have separated them in a 
different group, however, because of the very 
special characteristics they present, as can be 
It is 


seen in figures 2 and 3, and table 2. 
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Fic. 3. Electrocardiogram with S,S,S, pattern at high altitudes in which additional pre- 


cordial leads were taken. Observe that R/S ratio beeame higher than unit only in RV;. 


V4 


Fic. 4. Incomplete right bundle-branch block in man at high altitudes. Cases A and B 


were catheterized. 


important that approximately 1 out of 3 nor- 
mal subjects living at a high altitude shows 
an electrocardiographic pattern of this type. 

C. Pattern of Right Bundle-Branch Block 
Incomplete and Complete. Thirty-seven cases 
(30.8 per cent) of our series showed a RSR’ 
pattern with a ventricular conduction time of 
more than 0.08 second. Following the criteria 
of Wilson and associates,*! and of Barker and 
Valencia,’ we have considered as incomplete 
right bundle-branch block the QRS interval 
ranging between 0.08 and 0.12 second, and as 
complete right bundle-branch block the QRS 
interval beyond 0.12 second. Of the 37 cases, 
35 were classified as incomplete and 2 as com- 
plete right bundle-branch block. In none of 
the tracings was R higher than 10 mm. in V, 
or RVs. In 16 instances QRS was W-shaped 
instead of M-shaped in right chest leads. In 
figure 4 are reproduced 3. electrocardio- 


grams of this group. Tracings A and B were 
taken from 2 subjects who were catheterize« 
Tracing A was in a 22-year-old man whose ar 
terial oxyhemoglobin was 79.4 per cent, aud 
the blood hemoglobin content 19.2 Gm./10!) 
ml.; the mean pulmonary artery pressure w: 
21 mm. Hg; the total pulmonary resistance 
294 dynes/sec./em.*; and the cardiae inde 
3.50 L./min./M.? Tracing B was in a subje 
in whom only the right ventricular pressu 
could be obtained; it was 42/6 mm. H 
Tracing C was from a white man residing f 
28 years in Morococha. It is important tl 
incomplete and complete right bundle-bran 
block have been associated with pulmona 
hypertension and with right ventricular | 
pertrophy in congenital heart diseases! 
32-34 as well as with chronic cor puln 
nale.4# 1617 Tt has been observed that 1 
RSR’ pattern in right precordial leads is m: 





\LECTROCARDIOGRAM AT HIGH ALTITUDES 


‘equently associated with low average sys- 
lic pressures, while a tall RV, pattern goes 
ith high average systolic pressures.*° 

D. Normal Pattern. Twenty-one tracings 
17.5 per cent) of all electrocardiograms ob- 
tined did not present substantial modifica- 
ions in the configuration, amplitude, or direc- 
ion of the inflections as compared to the 
ormal standards established at sea level.** 5 
‘ine of the 21 cases, however, showed a mod- 
rate right axis deviation, between 90° and 
(2°, and a deep S wave in left precordial 
ads even though the R/S ratio was higher 
han 1.0 in V; and V.5. Likewise, a somewhat 
ill R wave in VR was found in several cases 
Ithough it did not reach 5 mm. in height. 
ine subject of this group when catheterized 
ad a right ventricular pressure of 32/4 mm. 
Ig. 


DiIscuUSSION 


It is evident that the first 3 electrocardio- 
rraphie patterns we have found in normal 
subjects living permanently at high altitudes 
are similar to eases of congenital heart dis- 
ases or chronic cor pulmonale associated with 
right ventricular hypertrophy found at sea 
level. Normal tracings should cause no sur- 
rise, since normal electrocardiograms have 
heen found at sea level in cases of proved 
ight ventricular hypertrophy.’ ® #9 The 
iechanism for the production of right ven- 
icular hypertrophy at high altitudes appears 

' be the increased pulmonary pressure that 
is been found at this altitude.6 However, 
» we have already mentioned, the electrocar- 
ographie signs of right ventricular hyper- 
ophy or right bundle-branch block in con- 
nital heart diseases and in chronie cor pul- 
male rarely appear at the levels of pressure 
resistance that we have found in our eathe- 
‘ized cases. This suggests that the electro- 
‘diogram at high altitudes is very expres- 

e in detecting right ventricular hypertro- 


y and leads us to discuss some aspects of 
» problem. , 

irst we shall dwell on the possible role 
it the positional changes of the heart plays 
the pathogenesis and prevalence of the 
ative deflections of QRS complex in the 


standard and precordial leads. The changes 
in the position of the heart at high altitudes 
may be conditioned (a) by the broadening of 
the thorax with an elevation in the diaphragm, 
(b) by inereased minute ventilation, higher 
vital capacity, and increased residual air,*! 
and (¢) by an increased amount of pulmonary 
blood volume.*? <All these mechanisms of 
respiratory adaptation may contribute in de- 
termining a clockwise rotation of the heart 
on its long axis and backward displacement 
of the apex. These changes in turn would be 
responsible for the predominantly down- 
wardly directed QRS complexes in all 3 
standard leads, giving rise to one of the most 
important characteristics of the electrocardio- 
eram at high altitudes. 

Another possibility to consider in the inter- 
pretation of the exaggerated changes in the 
electrocardiogram at high altitudes might be 
the existence of a slight degree of left ven- 
tricular hypoplasia which would enhance the 
electrocardiographie signs of the right side. 
We have no direct data based on autopsy ma- 
terial to settle this point, but it has been 
proved that at high altitudes the cardiae out- 
put is normal while the systemic arterial 
pressure is low, as compared to that found at 
sea level,* # with a resultant diminution of 
work for the left ventricle at high altitudes. 

A. third possibility to consider is the per- 
manent exposure to anoxic environment 
throughout all or most of life. Apparently 
this would be an important factor in the de- 
velopment of the right ventricular hyper- 
trophy at high altitude, since it has been dem- 
onstrated that electrocardiographie patterns 
of subjects from sea level taken to high alti- 
tude and left there for up to 1 year do not 
show the characteristics seen in those of native 
Indians or long-term residents.*# 

The role of anoxia itself as a primary mech- 
anism in the pathogenesis of the electrocar- 
diographie patterns cannot be seriously con- 
sidered, since anoxia acting as a general 
mechanism could produce biventricular hy- 
pertrophy of the heart with the concomitant 
electrocardiographie changes. 

Finally, since the different patterns de- 
seribed in this study have been found in na- 
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tive Indians as well as in non-Indians living 
for a long time at high altitudes, we exclude 
race as well as any special process of natural 
acclimatization of subjects born at high alti- 
tudes as factors in the production of electro- 


cardiographic changes. 


SUMMARY 

Of 120 electrocardiograms of healthy adult 
subjects, natives or long-term residents of 
Morovcocha, Peru (14,900 feet above sea level), 
23 (19.2 per cent) presented definite charac- 
teristic signs of right ventricular hypertro- 
phy, 39 (32.5 per cent) showed highly 
suggestive signs of right ventricular hyper- 
trophy, 37 (30.8 per cent) were classified as 
right bundle-branch block (2 cases as com- 
plete and 35 as incomplete), and 21 (17.5 per 
cent) were within normal limits. 

In most of the electrocardiograms a_pre- 
dominance of negative deflections in the QRS 
complex was observed in the standard as well 
as in the precordial leads regardless of the 
dominant pattern. This finding gives the 
electrocardiogram at high altitude a special 
characteristic that is not usually seen at sea 
level. The mechanisms involved in this phe- 
nomenon are discussed with special reference 
to the positional changes of the heart. 

The electrocardiogram confirms the ana- 
tomice and radiographic findings of right ven- 
tricular hypertrophy previously obtained in 
normal individuals at high altitude. It is be- 
lieved that the right ventricular hypertrophy 
is related to the pulmonary hypertension that 
is usually found in man at high altitudes. 


SUMMARIO IN INTERLINGUA 

Inter 120 electrocardiogrammas ab normal 
adultos, nativos o residentes permanente de 
Morococha in Peru (4.500 m supra le nivello 
del mar), 23 (0 19,2 pro cento) presentava 
definitemente signos characteristic de hyper- 
trophia dextero-ventricular, 39 (0 32,5 pro 
cento) monstrava signos multo suspecte de 
hypertrophia dextero-ventricular, 37 (0 30,8 
pro cento) esseva classificate como casos de 
bloco de branca dextere (2 complete e 35 in- 
complete), e 21 (0 17,5 pro cento) esseva in- 
tra le limites del norma. 
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In le majoritate del electrocardiogramma: 
un predominantia de deflexiones negative in | 
complexo QRS esseva observate in le deriva 
tiones standard e etiam in le derivationes pre 
cordial, sin reguardo al typo predominante de 
configuration. Iste constatation attribue a 
electrocardiogramma de grande altitudes wi 
characteristica special que non es ineontrat: 
usualmente al nivello del mar. Le mechanis 
mos responsa bile pro iste phenomeno es dis 
cutite, con referentias special al alteratio; 
del position del corde. 

Le electrocardiogramma confirma le consta 
tation anatomic e radiographic de hypertro 


. . * . 
Dhia dextero-ventricular” previemente repor 


tate pro individuos normal a grande altitudes 
Es opinate que iste hypertrophia dextero-ven 
tricular es relationate al hypertension pulmo 
har que es usualmente observate in homine 
a grande altitudes. 
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clinical syndrome that should allow preoperative diagnosis. Unlike ostium secundum 
defects, patients with ostium primum defects frequently have difficulty in childhood. 
Prominence of the left chest is a manifestation of the early enlargement of the heart. 
Cyanosis and clubbing are occasionally present. The parasternal systolic murmurs are 
variable and may be absent. Ostium primum defect may be suspected if the murmur is 
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Water and Salt Excretion 
after Intravenous Salt Load in Hypertensive Subjects 


By T. D. Utumann, M.D., S. H. BLoNDHEm™, M.D., 
S. Dixstein, M.Sc., Puo.D., anp D. Ben-IsHay, M.D. 


Intravenous salt-loading tests were performed in 20 hypertensive and 31 normotensive 
subjects. During the following 5 half-hour collection periods both water and salt 
excretion by the hypertensive subjects was higher than by the normotensive ones. The 
diuretic response was much more prolonged and more pronounced than the saluretic 
response and appears to be a primary response to the salt load, characteristic of the 
hypertensive state. The increased salt excretion is in part to be explained as the 


consequence of the increased water excretion. 


At moderate flow rates a salt-retaining 


mechanism could be demonstrated which is obscured at the higher rates of urinary flow 


that usually follow the salt load. 


N ABNORMALITY in the renal exeretion 
\ of salt in the hypertensive state has been 
assumed for many years. It has been claimed 
iy some authors that salt retention is a basic 
physiologic disturbance of the hypertensive 
state.’ * On the other hand, more recent 
reports indicate that hypertensive patients in 
ie early stages of their disease and animals 
with experimental hypertension tend to ex- 
crete salt during acute experiments more 
apidly than do normal subjects.*-1° 
Most of these experiments have been car- 
ed out under conditions of increased urinary 
ww after oral or intravenous administration 
‘large amounts of fluid, intravenous admin- 
tration of hypertonic salt solutions, or os- 
‘tic diuresis caused by mannitol given in- 
ivenously. Since the rate of urinary flow 
iv influence the rate of excretion of sol- 
's,'629 it appeared to us that the excretion 
salt in the hypertensive as compared with 
normal state could be evaluated only in 
ms of the simultaneous excretion of water. 
in the following study the differences in 
excretion of both water and salt after 
intravenous load of hypertonic saline be- 
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tween normal subjects and patients with hy- 
pertension are analyzed. 


MATERIAL AND METHODS 


The subjects were 20 hypertensive patients in 
the early stages of their disease and without 
complications, as judged from their histories and 
physical status. The control group comprised 31 
patients without hypertension, cardiovascular, re- 
nal, or hepatic disease. The subjects in both 
groups had normal urinary findings, normal 
urinary concentrating power, and creatinine clear- 
ances within the normal range. The subjects in 
both groups were not restricted in their intake 
of salt during the days preceding the tests. 

Salt-loading tests were performed in the morn- 
ing after a very light breakfast. After urine col- 
lection for 30 minutes through an indwelling cath- 
eter, 5 Gm. of sodium chloride per square meter 
of body surface were given intravenously as a 5 
per cent solution over a period of 30 minutes. The 
urine was collected during this period and for 5 
more consecutive periods of 30 minutes each. 
The patients were allowed to drink up to 200 ml. 
of water if they desired. Blood and urine samples 
were obtained before the intravenous salt solu- 
tion was given, and at the end of the last eol- 
lection period, for the determination of sodium 
chloride and creatinine. The urinary volume and 
the exeretion of sodium and chloride during the 
5 periods following the end of the intravenous 
infusion were compared in the 2 groups. 


RESULTS 


The urinary flow was significantly higher 
in the hypertensive group than in the normal 
during each 30-minute collection period after 
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TABLE 1, 


Urinary volume 
(ml./min./ MS body surface area ) 


a» 76 
Normal | Mean te 


kieake ; §S.D. 0.29 
. | n 31 


Mean 1.72 

Hypertensive S.D. 1.26 
t 4.09 
p <0.001 


| 
| 

subjects 4 n 20 
| 


Sodium exeretion 

(mEq./min./M. body surface area ) 

Mean 0.186 
8.D. 0.092 
n 31 


Normal | 
4 
| 
{ Mean 0.302 
| 
) 
) 
| 
| 


subjeets 


Hypertensive 
subjects 


S.D. 0.228 
Mi 20 

t 2.53 

Pp <0.02 

Chloride exeretion 

(mEq./min./M.* body surface area ) 


Mean 0.187 
0.084 
31 
0.285 
0.183 
subjeets 2») 
2.64 
<0.02 


Normal 
subjects | 


Hypertensive 


administration of hypertonic saline. The ex- 
cretion of sodium and chioride was also higher 
in the hypertensive group than in the normal 
subjects. However, this difference was less 
pronounced than the difference in water ex- 
cretion, and was significant only during the 
first 2 collection periods after infusion (table 
1). 

In order to find out if the excretion of salt 
is related to the rate of urinary flow in the 
same way in both groups of subjects, the ex- 
cretion of sodium aid of chloride was plotted 
against the corresponding urinary flow. Sepa- 
rate analyses were made for the hypertensive 
Only the 2 
periods immediately following the end of the 
sodium chloride inf ision were chosen because 


and the normotensive subjects. 


the effect of secondary compensatory mechan- 
isms might subsequently obscure the relation- 
ships (figs. 1 and 2). 

For the plotting a method was chosen that 
is based on the work of Dole :*! if logarithm 


Urinary Responses after Intravenous Sodinm Chloride Load 


Half-hour collection periods 
2 3 


0.86 0.91 0.89 0.89 
0.33 0.39 0.47 0.46 
31 30 30 
1.75 1.67 1.51 
1.27 0.92 0.83 
20 20 20 
3.76 4.0 3.35 
<0.001 <0.001 0.001 


0.209 0.219 0.220 0.211 
0.073 0.097 0.084 0.087 
31 30 30 » 25 
0.286 0.286 0.242 0.240 
0.198 0.151 0.128 0.135 
20 20 20 17 
1.99 Jee 1.31 0.85 

0.05 <0.05 0,2 <0.4 


0.204 0.213 0.189 0.201 
0.071 O.074 0.084 0.082 
31 30 30 25 
0.270 0.260 0.223 0.223 
0.160 0.122 0.110 0.120 
20 20 20 ig 
1.99 het 0.92 0.7 
0.05 <0.4 <0.1 <0.5 


of the relative clearance of any substance 


clearance x ‘ ‘ 
__) is plotted egainst the 


(log ; 
clearanee inulin 


reciprocal rate of urinary flow (1/v), an ap 
proximately straight or slightly curved line 
results, the slope of which is a measure o! 
its tubular reabsorption. 

When our data were plotted in this man 
ner,* a definite positive relationship becam 
evident between the urinary flow and th: 


clearance of sodium and chloride in_ bot! 


‘The absolute clearances of sodium and _ chlorid 
were plotted instead of their relative clearance bi 
cause inulin clearances were not performed. How 
ever, since in most instances creatinine clearance 
were ealeulated and found to be unchanged durin 
the first 2 periods after infusion as compared wit 
«a control period before infusion, and since the seru 
concentrations of sodium and chloride were four 
essentially unchanged throughout the experiment, 
ean be assumed that the substitution of absolut 
clearance figures for relative clearances did not enta 
a significant or systematic error. 





ATER AND SALT EXCRETION IN HYPERTENSION 


NORMAL SUBJECTS HYPERTENSIVE SUBJECTS 


o 
oO 
) 


‘ 


OF Na (me / nae [M2 
w w bue 
oO 
(mc / min / M2 


CLE ARANCE 
CLEARANCE OF Na 


 seesesagtpenenenntaierneedianneinonadyesnsstepenennonipannte 
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Fic. 1 Top. Clearance of sodium (Cy) in ml./min./M.* (ordinate) as function of flow 
in ml./min./M.* (abscissa). 


Fic. 2 Bottom. Clearance of chloride (C,,) in ml./min./M.* (ordinate) as function of flow 
in ml./min./M.* (abscissa). 


oups (figs. 1 and 2). High urinary flow 
ites were associated with high excretion of 
dium and chloride; with decreasing urinary 
ww the amounts of sodium and of chloride 
‘aping tubular reabsorption and appearing 


our data, on the assumption that the curves 
may be represented with reasonable accuracy 
by straight lines, and the differences in the 
slopes of the regression lines for the hyper- 
tensive and the normotensive subjects were 
the urine became progressively smaller. found to be statistically significant: ty, = 4.0; 
The plots for the normotensive and hyper- dy = 4.85. 

isive subjects showed marked differences 
various aspects, as seen from the curves 
ted (by inspection) through the plotted ing to flow rates of about 2 ml. per minute 
‘ints. Regression lines were caleulated from (T/ex= 05): 


Furthermore, the curves, when superim- 


posed, crossed each other at points correspond- 


At higher rates of flow the 
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sodium and chloride clearances in the hyper- 
tensive subjects were higher than in the 
normotensive ones; at medium and low flow 
rates the hypertensive subjects excreted less 
salt than did the normotensive subjects. 


Discussion 


The data presented show that hypertensive 
subjeets react to intravenous administration 
of hypertonic salt solution with a greater 
output of water, as well as of salt, than do 
normal subjects. In similar experiments other 
workers also found increases both in water 
and in salt excretion by hypertensive subjects. 
However, the possible relationship between 
the inereased diuresis and saluresis has not 
been clearly formulated.®: * * 15 Most workers 
seem to assume that the increased rejection 
of salt by the renal tubules is the cause of 
the inereased rejection of water. This as- 
sumption does not seem to be valid, however, 
for those experiments in which higher flow 
rates were obtained in hypertensive than in 
normotensive subjects by the administration 
of isotonic or solute-free fluids.*: ® 1° The in- 
creased diuretic response in these experiments 
cannot possibly be the result of increased 
solute excretion, but must be regarded as a 
primary reaction of the hypertensive subjects 
to the experimental procedure. 

On the other hand, the increased excretion 
of salt in all the reported experiments can 
be explained, at least in part, as the conse- 
quence of the high rates of urinary flow. 
The existence of such a relationship between 
urinary flow and salt excretion is apparent 
from the figures correlating the data of our 
experiments. <A similar interpretation has 
been given by various workers to the increased 
sodium and chloride excretion observed dur- 
ing osmotic and water diuresis in man and 
in animals.’*!® Moreover, a positive cor- 
relation between urinary flow and solute ex- 
cretion has also been found for substances 
which were present only in small amounts in 
the glomerular filtrate, and which therefore 
could not in themselves constitute a solute 
load causing osmotic diuresis.“° It has been 


suggested that the increased diuresis sweeps 


salt out of the proximal tubule faster tha) 
the distal tubule can handle it.?? 

It seems reasonable therefore to assum 
that the renal response of hypertensive sul 
jects to the various experimental stimuli i 
primarily one of increased urinary output 
and that the increase in salt excretion is, a 
least in part, the consequence of the increase: 
rate of urinary flow. Moreover, it is possib] 
that the more rapid excretion of salt is a 
additional, separate expression of the sam 
regulatory mechanism that causes the ii 
creased diuretic response in  hypertensiv 
subjects. The basie physiologic mechanis1 
causing increased diurésis and—directly o 
indirectly—increased saluresis may be a r 
action to the overexpansion of the extrace! 
lular fluid space. This mechanism, then, ap 
pears to be brought into action more readil; 
in the hypertensive than in the normotensiv 
state. 

In contrast to the increased salt excretio. 
under conditions causing high rates of urinar: 
flow, our figures show that at moderate 01 
low flow rates—below 2 ml. per minute—th 
hypertensive subjects excreted less salt than 
did the normotensive subjects at the san 
rates of flow. This phenomenon indicates 
more complete tubular reabsorption of sal! 
in the hypertensive subjects and may be 
manifestation of the postulated salt retaining 
mechanism in the hypertensive state. As can 
be seen from our data, this mechanism i 
apparent only at low or moderate flow rates 
under experimental conditions leading to hig! 
rates of urinary flow, it is abolished or ol 
scured by the increased saluresis accompan) 
ing the increased diuresis. 

A comprehensive description of the b 
havior of hypertensive subjects, as compar 
with normotensive ones, would therefore ha‘ 
to include their increased diuretic and sal 
retic response to salt and fluid loads, as w« 
as a relative salt retention. The increas 
diuresis appears to be a more constant a1 
a more pronounced feature than the increas: 
salt excretion. The relative salt retention | 
comes manifest only at urinary flow rat 
up to about 2 ml. per minute and becom 
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bseured under conditions causing higher 
ates of urinary flow. 


SUMMARY 

In acute salt-loading experiments, hyper- 
nsive subjects excreted both water and salt 
t significantly higher rates than normal sub- 
«ts. The difference in the diuretic response 
‘as greater and more pronounced than the 
ifference in the saluretie response. 

This increased salt exeretion by hyper- 
ensive subjects may be explained in part as 
he consequence of the increased rate of water 
xeretion, and in part as the direct effect of 

regulatory mechanism, which causes both 
liuresis and saluresis and which is more ac- 
ive in the hypertensive state. 

Although the hypertensive subjects as a 
‘roup excreted salt more rapidly than did the 
iormotensive ones, at lower rates of urinary 
low, up to about 2 ml. per minute, the salt 
‘xeretion by the hypertensive subjects was 
less than by the normotensive ones. This ob- 
servation is interpreted as the manifestation 


of a ‘‘salt-retaining mechanism’’ in the hy- 
pertensive state, which becomes obscured un- 
der conditions causing increased diuresis. 
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SUMMARIO IN INTERLINGUA 

In experimentos a cargation acute con sal, 
iubjectos hypertensive excerneva aqua e sal 
on significativemente plus alte intensitates 
ue subjectos normal. Le differentia inter le 
‘sponsas diuretic esseva plus grande e plus 
ronuneciate que le differentia inter le re- 
onsas saluretic. 

Le augmentate excretion de sal in subjectos 
vpertensive pote esser explicate in parte 
mo le consequentia del intensificate exere- 
mn de aqua e in parte como le effecto directe 
‘un mechanismo regulatori que initia le di- 
‘ese e le salurese e que es plus active in le 
ito de hypertension. 

Ben que le subjectos hypertensive, consider- 
e como un gruppo, excerneva sal plus 
pidemente que le subjectos normotensive, in 


ra se) 
(v0 


caso de plus lente fluxos de urina, i.e. usque 
a un volumine de circa 2 ml per minuta, le 
excretion de sal per le subjectos hypertensive 
esseva inferior a illo de subjectos normo- 
tensive. Iste observation es interpretate como 
le manifestation de un ‘‘mechanismo de re- 
tention de sal’’ in le stato de hypertension. 
Iste manifestation es obscurate sub conditiones 
que causa un augmento del diurese. 
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The author reviews the evidence for the complementary roles of thrombogenic and 
mechanical factors in atherosclerosis. The mechanical hypothesis is that impairment of 
the elasticity or flexibility of an artery must lead to the structural disorganization that 
is seen in atherosclerosis. Atheroma results from the tearing and destruction of tissues 
resulting from the thickening and loss of elasticity of the intima. Arterial narrowing 
results from mural thrombosis formation followed by endothelial prolifieration and 
incorporation in the wall becoming a fibrous thickening of the intima. One result is a 
loss of elasticity and flexibility and, in the case of large areas, dilatation of the vessel. 
Intimal hemorrhage, frequently found when carefully sought, provides support for the 
mechanical hypothesis, since it indicates that the forces disrupting the intima are active 
in living tissues. Many of the fatty changes of atherosclerosis according to this hypothesis 
are the products of hemorrhages or thrombi. But intimal damage also results in reduced 
tissue pressure at the points of loosening with resultant drawing of lipid-rich body fluids 
into these spaces. The genesis of atherosclerosis is thus traced from initial damage to 
the vessel wall, thrombosis, intimal thickening, and further vascular disruption. The 
dangers of atherosclerosis result from loss of control of the factors in blood or tissue 
that regulate thrombosis. 
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Spinal Epidural Hematoma during Anticoagulant Therapy 


By Bertram M. Winer, M.D., Simon Horenstein, M.D., anv 
ALBERT M. Srarr, M.D. 


Spinal epidural hematoma complicated the course of anticoagulant therapy of cerebro- 
vascular disease in a patient in whom observations of multiple aspects of coagulation 
had been obtained. Examination of this case and a review of the literature allow 
delineation of a syndrome that should aid in early diagnosis of spinal epidural hematoma. 
It is clear that coumarin derivatives induce multiple coagulation defects, which vary 
quantitatively and qualitatively with time. Contemporary evaluation of the benefits 
and risks of long-term anticoagulants is beset by many problems that have not been 


fully resolved. 


NPINAL epidural hematoma in the absence 
of trauma or malformation of spinal 
essels is an exceedingly rare disorder. How- 
ver, in recent years, at least 3, and possibly 
instances have been reported as complica- 
tions of anticoagulant therapy.'+ 
The purposes of this paper are 4-fold: (1) 
io report an additional occurrence of spinal 
epidural hematoma in a patient on long-term 
anticoagulant therapy for cerebral vascular 
disease; (2) to delineate a syndrome that 
should aid in the prompt recognition of spinal 
epidural hematoma when it is still amenable 
io therapy; (3) to consider the coagulation 
defeets induced by a coumarin derivative ; 
and (4) to discuss the problem of evaluation 
of the benefits and risks of anticoagulants in 
cerebral vascular disease. 


Case REPoRT 


A. 70-year-old woman was admitted to the Beth 
rael Hospital in May 1954 because of the sudden 
iset of nausea, vomiting, and vertigo. A right 
teral medullary tegmental syndrome evolved, as 
idenced by crossed dissociated hypalgesia involv- 
x the right face and the left side of the body, 
vthmie ataxia of the right upper extremity, and 
right Horner’s syndrome. The vertigo gradually 
hsided but the other neurologic abnormalities 
rsisted. Additional findings included mild dia- 
tes mellitus and labile hypertension. 

In September 1956, the patient experienced a 
nsient episode of confusion, slurred speech, 
ht facial weakness, and urinary incontinence. 


From the Medical Research Department of the 
mins Research Laboratory, Beth Israel Hospital 
| the Departments of Medicine and Neurology, 
rvard Medieal Sehool, Boston, Mass. 


In the following week she developed lethargy, 
anorexia, defective memory, and blurred vision. 
Physical examination revealed the neurologie re- 
siduals of the previous illness but no new abnor- 
inalities. The cerebral spinal fluid was normal. 
An electroencephalogram was diffusely abnormal. 
Routine hemogram, urinalysis, blood nonprotein 
nitrogen, and 1-hour postprandial blood sugar were 
normal, Chest roentgenogram revealed a large 
left pulmonary artery; the left ventricle and 
thoracic aorta were dilated. 

Three weeks later nausea, irritability, and visual 
hallucinosis appeared. Neurologic examination at 
this time disclosed a relative left superior quad- 
rantanopia. The tendon reflexes had become in- 
creased on the right and a left extensor plantar 
response was present. Over the next week she 
recovered from her confusion, ophthalmic palsy, 
and visual field defect. 

Dicumarol was thereupon administered by mouth 
(fig. 1). A rapid fall in prothrombie activity 
was obtained as measured by a modified Quick 
l-stage prothrombin method.’ Beginning with the 
third week determinations*® of proconvertin activ- 
itv® and prothrombin (Owren method)* were ob- 
tained at intervals of 1 to 2 weeks for the follow- 
ing 7 months. In the last 6 months of this period 
prothrombie activity by the Quick 1-stage method 
ranged from 8 to 15 per cent of normal (20 to 
30 seconds). Proconvertin was reduced to approx- 
imately the same percentage levels and correlated 
well with the prothrombie activity found by the 
Quick method. However, the prothrombin levels 
were for months much less depressed, but gradual- 
ly fell to the 10 per cent level. In the last 4 
months of therapy only a Quick prothrombin 
time was obtained and this was done in a different 
laboratory. The patient received 25 mg. of 
Dicumarol daily during the last 8 months of ther- 


*Kindly performed by Miss Angelina DiFraneceseo, 
technician in the laboratory of Dr. Benjamin Alex- 
ander, Beth Israel Hospital. 
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Fig. 1. The effect of Dieumarol on the Quick prothrombie activity, proconvertin, and 


prothrombin itself. 


apy. Her clinical state remained stable through 
this interval. 

On September 28, 1957, she arose to void and 
defecate. While returning to bed she experienced 
sudden severe pain between her shoulder blades. 
Six hours later she was unable to move her legs 
and was incontinent of urine. Thirty hours after 
the onset of the pain she was readmitted to the 
hospital. Examination now revealed drowsiness, 
moderate ataxia of the right upper extremity, and 
a right Horner's syndrome, but no other neurologic 
abnormality above the costal margin. The thoracic 
spine was tender between the sixth and eleventh 
vertebrae, maximally at the eighth. There was 
flaccid paralysis of both lower extremities. The 
tendon reflexes were absent. The plantar reflexes 
were bilaterally extensor with a crossed extensor 
response. Position sense was lost in both lower 
extremities below the hip. Vibration sense was 
absent below the iline crest. Pinprick sensation 
was completely lost below the inguinal ligament 
bilaterally including the lower sacral segment. 
There was a shading loss of pinprick below the 


costal margin on each side. Thermal sensation 
and touch were similarly affected. 

Lumbar puncture between the fourth and fifth 
interspaces revealed clear, acellular, yellow-brow: 
fluid with a pressure of 35 mm. of cerebrospinal! 
fluid. Intentionally, only a few drops of cerebra! 
spinal fluid were collected. There was a complete 
dynamic block both to manual compression of th: 
jugular veins and to jugular compression by mean 
of a blood pressure cuff inflated to 40 mm. Hg. Ther: 
Was prompt response upon abdominal compressio) 
One milliliter of pantopaque was then introduce: 
into the subarachnoid space. The myelograi 
demonstrated a complete block between thoraci 
vertebrae 11 and 12 (figs. 2 and 3). At thi 
time prothrombie activity was 13 per cent of no. 
mal, as measured by the Quick 1-stage prothrombi 
method. 

Fifty milligrams of vitamin K, were admii 
istered intravenously. Three hours later, 45 how 
after the onset of symptoms, a laminectomy w: 
performed between the seventh and_ twelft 
thoracic vertebrae under local anesthesia with n 
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Fig. 2 Left. Anteroposterior view with the patient in head-down position. Myelographic 


demonstration of complete spinal block. 


Fig. 3 Right. Lateral view with the patient in head-down position. Myelographie block 
and widening of the dorsal epidural space at T,5 are evident. 


usual bleeding. The ligamentum flavum was 
bluish in color. Upon incision a blood clot extend- 
ng from the sixth to eleventh thoragie spines 
as found in the dorsal epidural space. It was 
not adherent to the dura. The original site of 
bleeding was not identified. The spinal cord pul- 
ited upon removal of the hematoma. The dura 
ater was not opened. 

Postoperatively there was no recovery of the 
neurologie defects. Cerebral spinal fluid dynamies 
were normal 1 week after the operation. Brownish 
pigmentation was still evident in the spinal fluid. 

n the ensuing 6 months, there was return of 
iin sensation in the right lower extremity, but 

) other improvement in function. The paraplegia 

s persisted. 

DiscussION 


The evolution of spinal epidural hematoma 
observed in our patient and in those re- 
ewed!+ §12 presents a pattern that can be 
cognized with ease. Acute back pain, rap- 
ly progressive spinal cord and nerve root 
ficit, usually with complete spinal block, 
‘companied by a brownish pigment in acel- 
ar cerebrospinal fluid are characteristic. 
itical determinants are the location of the 
eding point, the volume of the vertebral 
ial relative to that of the spinal cord in 
' affected area, the proximity of interver- 
| oral foramina, the presence of coagulation 


defects, and the final volume of the hema- 
toma. These factors determine the degree of 
embarrassment of spinal cord circulation as 
well as the amount of pressure necrosis. The 
long vertical extent of the lesion, particularly 
if located in the lumbar or cervical enlarge- 
ment of spinal cord, may in addition produce 
severe atonice flaccidity segmentally and a 
myelographie block several segments below 
the upper edge of function disturbance. In 
our case the myelographice block was between 
T;, and Tj. and the upper border of hypal- 
gesia was at Ts. The brown pigment observed 
in the cerebrospinal fluid in subdural, epi- 
dural, and intracerebral hematoma has been 
identified as methemoglobin. In subarachnoid 
bleeding the golden-yellow pigment in the 
cerebrospinal fluid is bilirubin.'* 

In a review of 10 cases® of acute nontrau- 
matie spinal epidural hematoma straining ef- 
fort was found to be a common precipitating 
event. Back pain was the first symptom in 
6 of the patients. The interval from the onset 
of the first symptoms to the development of 
complete paraplegia varied from 20 minutes 
to 10 days; however, 50 per cent of the pa- 
tients were completely paralyzed below the 
level of their lesion within 3 hours of the onset 





of complaints. The shortest time interval from 
the development of paraplegia to surgigal in- 
tergention was 4 days. Three of the 10° eases 
were fatal before surgical intervention. The 
location of the hematoma in 2 of these cases 
was Ihde upper cervical region. Recovery 
after Surgery has varied from complete to 
none. Epidural hematoma in some eases does 
not cause complete spinal block and may not 
pursue a rapid course; in 1 patient, who had 
back pain for months after an injury, the 
syndrome of a ruptured intervertebral disk 
was simulated. 

Spontaneous spinal epidural hematoma is a 
rare disease. Of the 27 cases found in the 
literature, 1 patient had leukemia, 1 hemo- 
philia, and including our case, 4 and possibly 
5 had coumarin-induced coagulation defects. 
Thus, approximately one fourth of patients 
with this disease have had coagulation de- 
fects. 

In the case presented, recurrent and pro- 
gressive vertebral artery disease was the in- 
dication for anticoagulant therapy. There 
were no changes in dose during the last 8 
months of therapy. The Quick prothrombin 
time was steadily in the ‘‘therapeutic’’ range 
except for 1 determination. In this setting 
an epidural hemorrhage developed in the ab- 
sence of obvious trauma or localized disease. 
The only evident antecedent event was a pos- 
sible Valsalva maneuver accompanying defe- 
cation. It is conceivable that as a result of 
increased venous pressure during this effort, 
one of the small valveless venules in the epi- 
dural space ruptured and that in the pres- 
ence of her induced clotting defects the 
bleeding was not arrested. 


In the last few years anticoagulant therapy 


has been used on a long-term basis in the pro- 
phylaxis of recurrent myoeardial infare- 
tion'"8 and the syndromes of insufficiency of 
the internal carotid, basilar or vertebral ar- 
teries.!” °° In these states the value of long- 
term anticoagulant therapy has been difficult 
to establish. The disease processes demon- 
strate marked, spontaneous variability. New 
clot formation, propagation, and dissemina- 
tion play a variable role in the production of 
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symptoms. Brief hypotension and transiently 
reduced cardiac output have been recognized 
as common triggers of ischemie symptoms 
with and without newly added vaseular pa 
thology.*! 7? Clinical evaluation of the extent 
of vascular disease and clinical determination 
of progression are difficult. Unconscious bia 
and nonspecific effects have not been easily 
elintinated in studies of morbidity.** Double 
blind technics, which might indeed be helpful 
are impractical. 

The hazards of coumarin-induced coagula 
tion defects include bleeding into the ski 
and subcutaneous tissue, mucous membranes 
kidney, vastrointestinal and — respirator) 
tracts, eye, pericardium, brain, and the coy 
erings of the nervous system. In _ patient 
treated for weeks the incidence of majo: 
bleeding has been reported generally as 1 pei 
cent, the incidence of any bleeding as 9 pe: 
cent.24 The incidence of hemorrhage in pa 
tients maintained on anticoagulants fo! 
months to years is not as well established. In 
one series of more than 100 patients treated 
for 5 years the incidence was 42.1 per cent." 
In other large series the incidence of hemor 
rhage has varied from 3 to 19 per cent.’ "> 
The possibility clearly exists that an increased 
incidence of bleeding after long-term admin 
istration may be due not only to the quanti 
tative factor of the increased time of reduced 
Quick prothrombie activity but to the quali 
tative factor of the development of new), 
developing defects in coagulation after man 
weeks of administration.*": 76 

The degree of hypoprothrombinemia nec 
sary for clinically significant and safe int: 
ference with coagulation has been difficult 
define. In clinical practice the ‘‘therapeuti 
level has been accepted as that represented | 
a Quick 1-stage prothrombin time of appro» 
mately 2 to 3 times normal in seconds, rough 
equivalent to 10 to 30 per cent of prothrom! 
activity. The Quick 1-stage prothromh 
method reflects multiple factors influenci 
the rate of elaboration of thrombin and 
brin.27 Coumarin derivatives have be 
shown to induce multiple coagulation ¢ 


26, 28 


fects.** Proconvertin, a factor stim 
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lating the conversion of prothrombin to 
thrombin, falls rapidiy, as was observed in 
this ease. The induced decrease of procon- 
vertin is almost invariably greater in degree 
and earlier in time than that of ‘prothrombin 
itself. A large fall in prothrombin may not 
be obtained for weeks. Deficiencies in plasma 
thromboplastin component (PTC) and Stuart 
factor are also induced. There is some evi- 
dence that there may be little antithrombotic 
effect from isolated proconvertin deficiency 
unless the deficiency is extreme, that the anti- 
thrombotic effect of Dicumarol may correlate 
with prothrombin deficiency, and that low 
levels of prothrombin and of PTC may favor 
hemorrhage.*® A clear-cut distinction has 
been demonstrated between the coagulation 
defeet and the antithrombotic effect of Di- 
cumarol.?® Further studies of factors influ- 
encing antithrombotic and hemorrhagie effects 
of anticoagulants are required. It is clear 
that the commonly used Quick prothrombin 
time yields information of a general nature, 
which has been helpful but may not be ade- 
quate. At ‘‘therapeutic’’ levels, a defeet in 
coagulation is desired, which can interfere 
with gross intravascular thrombus formation 
iid propagation and which nonetheless will 
not produce excessive bleeding from normal 
‘rauma. 

The qualitative risks of anticoagulant ther- 
ipy are clear. The occurrence of major bleed- 
ing appears unpredictable in an individual. 
Evaluation of the benefits and risks of lone- 
‘erm anticoagulants requires further studies 
mn both sides of the question. 


SUMMARY 


The oceurrence of spinal epidural hema- 
mma in a patient on long-term anticoagulant 
herapy of cerebral vascular disease has been 
‘ported. 

The salient features of spinal epidural he- 
atoma have been described. 
Coumarin-induced defects in) coagulation 
ive been discussed. 

Problems in the evaluation of long-term an- 
‘oagulant therapy have been raised. 


SUMMARIO IN INTERLINGUA 

Es reportate le occurrentia de hematoma 
spino-epidural in un patiente sub tractamento 
anticoagulatori a longe vista pro morbo cere- 
bro-vaseilar. 

Es describite le saliente characteristicas de 
hematoma spino-epidural. 

Es discutite defectos coagulatori inducite 
per coumarina. 

Es sublevate problemas in le evalutation de 
therapia anticoagulatori a longe vista. 
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Pericardial Tamponade Following Percutaneous 
Left Ventricular Puncture 


By Ricuarp J. Bornam, M.D., G. G. Rowe, M.D., anp W. P. Youne, M.D. 


A. ease of pericardial tamponade following percutaneous left ventricular puncture for 
the assessment of aortic stenosis is presented. Technical factors pertinent to the etiology 
of the complication are discussed. Emphasis is placed on the fact that current enthusiasm 
for percutaneous ventricular puncture should be tempered with an awareness of the 
associated complications that may ensue and require immediate definitive therapy in 
an environment well equipped for their management. 


é NREDIT for the first successful systematic lation in their series that occurred following 


A study involving percutaneous left ven- an injection of Diodrast almost directly into 
tricular puncture in man must go to Ponsdo- the coronary ostia. The patient underwent 
1enech and Nunez,! who reported its use in cardiac massage and had an uneventful re- 
1/51 for contrast visualization of the left ven- covery from the procedure. Syneope, pneu- 

icle and aorta. Following their initial mothorax, cardiae arrhythmia, hemoptysis, 

ily, a number of other investigators** have and renal pain and hematuria (presumably 
ccessfully employed percutaneous ventric- from an embolus) have also been reported 
ar puncture for contrast visualization of following percutaneous left ventricular pune- 

e left ventricular chamber, aorta, and aortic ture. 

il mitral valves. . The purpose of this report is to present a 

Sir Russell Brock and his co-workers® in case in which cardiac tamponade developed 

‘56 proposed and utilized percutaneous left following percutaneous left ventricular pune- 

ntricular puncture in the assessment of aor- ture. We wish to emphasize that, while the 

stenosis. Recording synchronous left ven- procedure is a useful and valuable adjunct 
ricular and brachial artery pressures proved in the objective evaluation of aortic and mi- 
be a highly satisfactory means of estab- tral valvular disease, the associated complica- 
hing the systolic pressure gradient across tions, when they occur, may require immedi- 
aortic valve for evaluation of the severity ate definitive therapy in an environment well 
aortie stenosis. Similar successful studies equipped for their management. 

ve been reported subsequently by other in- 

thoatnes® * Case REPoRT 

n reviewing the available literature con- kh. S. was a 31-year-old white male farmer who 

ning pereutaneous left ventricular pune- had had known heart disease since childhood. 
Approximately 1 year prior to admission to the 
University Hospitals he had been advised by his 
local physician that he should quit farming  be- 
cedure. The collective series that we were cause of the severity of his heart disease. The 
‘to cull from the cases reported in the lit- progressive and ineapacitating symptoms associ- 
ure to eke totaled $46 (table 1). ated with his heart disease had subsequently caused 
his release from a number of jobs and, at the 
time of his admission, he was unable to get em- 
ployment of any kind. Primary symptoms elicited 
y anticipate. Gregg and associates? re- in the history were those of dyspnea, palpitation, 
ted a single incidence ef ventricular fibril- chest pain, and hemoptysis. 

Minimal exertion was sufficient to initiate 


dyspnea, and the patient therefore attempted to 
irtments of Surgery and Medicine, University of move about slowly. Palpitation was frequently 


onsin Medieal Sehool, Madison, Wis. present at rest and was aggravated by excitement. 


t -e we were unable to find a single incidence 
0 mortality in human subjects following this 


‘he reported morbidity following this pro- 
ire has also been less than one would ini- 


om the Cardiovaseular Research Laboratory, and 
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TABLE 1.—A Collective Series of 848 Cases of 
Percutaneous Left Ventricular Puncture and the Asso 
ciated Mortality 


Author Mortality Jo. of cases 


Broek et al.* 
Green et al.° 
Yu et al.’ 
Ponsdomenech et 
Gilman et al.° 
Smith et al.” 
MecCaughan et al.‘ 
Total 


Sinee childhood, he had noted left anterior chest 
pain which occurred after severe exertion and 
frequently radiated to the left shoulder. This 
chest pain had been present almost constantly for 
4 days prior to admission to the hospital. On 
several occasions in the past vear, he had coughed 
up blood-tinged sputum but he denied the presence 
of a chronic cough or other symptoms of respira- 
tory disease. 

Physical examination referable to the cardio- 
vascular system revealed a regular pulse of 116 
per minute and a blood pressure of 124/95 in 
the upper extremities. There was a palpable left 
ventricular heave and an aortie systolie murmur 
with a split second sound which was normal or 
slightly accentuated. The peripheral pulses were 
equal, regular, and synchronous, but somewhat 
diminished in volume. The liver was palpable 3 
to 4 em. below the right costal margin on 
inspiration, 

The chest x-ray revealed the pressure of left 
ventricular enlargement with dilatation of the 
ascending aorta. Caleifieation was not seen in the 
aortic valve area. The electroecardiogram revealed 
early left ventricular strain. Other laboratory 
studies were normal. The impression was one of 
aortic or subaortie stenosis requiring aortic 
valvotomy. 

A few days after admission, right heart cathe- 
terization revealed no significant abnormal find- 
ings. It was then thought that percutaneous left 
ventricular puncture was indicated to substantiate 
the impression of aortie stenosis, to assess its 
severity, and to determine whether it was valvular 
or subvalvular in loeation. 

Accordingly, the following day the patient was 
taken to the operating room where general anes- 
thesia was induced using Surital supplemented 
with succinylcholine. After an endotracheal tube 
was introduced, anesthesia was maintained with 
nitrous oxide, oxygen, and oceasional supplements 
of small amounts of Surital. A no. 18 gage needle 
was introduced pereutaneously into the left ven- 
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tricle, the point of entry being just lateral an 
inferior to the apex impulse, in the manner pre 
viously described by Brock.’ The return of brigh 
red blood and a recording of a ventricular pressur 
curve revealed that the catheter was in the let 
ventricle. The recorded ventricular systolie pres 
sure of 125 mm. Hg was not what was expecte 
from the patient’s history. 

An Afford catheter was then passed through tl 
needle into the left ventricle and advanced acros 
the aortic valve into the aorta. The pressm 
gradient across the valve also was not what wa 
expected, being recorded as 25 mm. Hg. A pul 
back pressure tracing taken across the aortie valv 
revealed that the stenosis was valvular in loeatio 
with no subvalvular component. It then becam 
evident that technical problems in the measurin 
and recording apparatus were responsible for th 
low ventricular pressures recorded. Althoug 
these problems were rectified, a delay of 15 min 
utes ensued during which time the left ventricula 
needle was left in place. Gradually, during thi 
interval, the patient developed a tachycardia 0} 
120 per minute, with a fall in systolie blood pres 
sure to 70 mm. Hg. The electrocardiogram re 
vealed S-T depression consistent with myocardial 
ischemia. The needle in the left ventricle was 
immediately removed. Within 10 minutes there 
was no audible or palpable blood pressure although 
the electrocardiogram revealed a heart rate of 50) 
per minute. <Auscultation over the precordium 
revealed barely audible heart sounds, and it was 
assumed that the patient had developed pericardial! 
tamponade. 

A. 7-em. incision was made immediately in the 
left fifth intercostal space anteriorly, and_ thi 
chest was opened. The pericardium was seen to 
be distended, tense, and discolored by underlying 
blood. Normal vigorous myocardial contraction 
was not evident within the distended pericardiun 
A 4-em. incision was made in the pericardium an 
the contained blood was allowed to escape. TT! 
remaining blood was aspirated from the perica: 
dial space and totaled approximately 100 to 15 
ml. Within 15 seconds following the evacuati 
of blood from the pericardium, vigorous myoca 
dial contractions were apparent and the systen 
blood pressure had returned to nearly norm 
levels. There was no evidence of bleeding fr 
the puncture site in the left ventricular myoea 
dium. 

A Cournand needle was inserted into the ap: 
of the left ventricle, and a shortened Afford cath 
ter was passed again into the ventricular chamb¢ 
The left ventricular pressure was recorded as 1! 
mm. Hg. <A needle was then placed in the le 
femoral artery and synchronous femoral arter! 
and left ventricular pressures were recorded. T! 
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systolic gradient across the aortic valve was re- 
corded as approximately 90 to 100 mm. Hg, which 
was consistent with the patient’s clinical picture. 

The postoperative course was uneventful. The 
intereostal catheter was removed on the first post- 
operative day and the patient was dismissed from 
the hospital on the third postoperative day ulti- 
mately to undergo aortic valvotomy with the aid 
of extracorporeal circulation. 


DISCUSSION 

Percutaneous left ventricular puncture to 
assess the presence and severity of aortic ste- 
nosis is a satisfactory procedure which, how- 
ever, may have significant complications. In a 
consideration of the etiology of the pericar- 
dial tamponade, as occurred in this case, one 
must reflect on the factors of (1) the site of 
puncture of the chest and left ventricle, (2) 
the size of the puncturing needle, and (3) the 
length of time that the needle remained within 
the heart. 

Considerable discussion has centered about 
the choice of the proper site for left ventric- 
ular puncture as well as for pericardiocente- 
sis. Those who prefer the subxipheid route 
claim that this route allows the heart to be 
punctured at its apex where the chance of 
coronary artery laceration with associated 
pericardial tamponade is minimal. They also 
think that the incidence of pneumothorax is 
lessened by use of the subxiphoid route. The 
‘ubxiphoid route has been used by Ponsdome- 
ech, Gilman,’ Gregg,? and MeCaughan.* 
brock,®? Green,® and Yu,‘ however, have pre- 
erred an intercostal space in close proximity 
» the apex beat and have encountered no un- 
oward complications directly related to this 
ite of needle puncture. Previous experience 
vith the procedure had led us to believe that 
se of an intercostal space as a puncture site 

as quite satisfactory and allowed ready and 
irect introduction of the needle into the left 

‘ntricle. Although coronary artery lacera- 

on would be a reasonable explanation for 

ie occurrence of pericardial tamponade, such 
as not the case in the patient reported here- 


It seems reasonable that use of a large 
‘edle for puncturing the left ventricle would 
ve more associated bleeding than would a 












smaller needle. We have used a no. 18-gage 
needle for percutaneous ventricular puncture. 
Our previous experience, and that of Brock® 
and Green,® utilizing the same size needles, 
had led us to believe that bleeding following 
left ventricular puncture by a needle of this 
size would not be of significance. Lehman and 
co-workers® in describing the technic utilized 
by Gilman, reported the use of a no. 15-gage 
needle in their series without untoward effects 
directly related to the needle puncture. Pons- 
domenech,! in his original series, used a trocar 
with an external diameter of 1.7 mm. for ven- 
tricular puncture. Nevertheless, it seems ap- 
pealing to us to incriminate the needle size as 
being at least contributory to the pericardial 
tamponade. 

Just how much significance can be attrib- 
uted to the time a puncturing needle remains 
within the heart is difficult to ascertain. Ad- 
mittedly, in the case here reported, the pune- 
turing needle remained within the left ven- 
tricle considerably longer than is desirable. 
One can reason that a relatively fixed, rather 
large bore needle, penetrating a beating ven- 
tricular chamber in which the systolic pres- 
sure was markedly increased could have 
enough associated bleeding to cause tampon- 
ade if left in place for a long enough period 
of time. We must therefore consider that the 
prolonged time factor was of significance in 
the development of the tamponade. 

Lastly, consideration of the management of 
the tamponade is in order. Although a fair 
case might well be presented for aspiration of 
the pericardial space, we think that thoracot- 
omy and pericardiotomy were the procedures 
of choice. Immediate thoracotomy allowed 
rapid and total evacuation of the pericardial 
space. It further allowed direct visualization 
of the myocardial puncture site. Had _ per- 
sistent bleeding from the puncture site or 
from a coronary artery laceration been pres- 
ent, it could have been repaired surgically. In 
addition, if the existing bradycardia had pro- 
gressed to asystole, or if the pericardial de- 
compression had not resulted in effective myo 
cardial contraction, the thoracotomy would 
have allowed intermittent manual compres- 
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sion of the heart to maintain effective ciren- 
lation. 

Although percutaneous ventricular pune- 
ture has been performed by various investi- 
gators with the aid of local anesthesia only, 
the use of general anesthesia was certainly of 
considerable aid in the management of the 
complication of tamponade herein reported. 

We urge strongly that percutaneous left 
ventricular puncture should be carried out by 
persons who are aware of and experienced in 
the management of the complications that 
may develop. Percutaneous left ventricular 
puneture should be performed only in an 
environment well equipped for the immediate 
and proper management of such complica- 
tions. 

SUMMARY 
A ease is reported of pericardial tamponade 


that developed in association with percutane- 


ous left ventricular puncture for the assess- 
ment of aortic stenosis. Possible etiologic fac- 
tors and the management of the complication 
have been discussed. 


SuMMARIO IN INTERLINGUA 
Es reportate un caso de tamponade pericar- 
dial occurrente in association con pereutanee 
punctura sinistro-ventricular effectuate in le 
evalutation de stenosis aortic. Es discutite 
le possibile factores etiologic e le tractamento 
del complication. 
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Rupture of Aneurysm of Aortic Sinus of Valsalva 
Associated with Acute Bacterial Endocarditis 


By HersHeu Jick, M.D., P. Jack Kasarstan, M.D., AaNp Mortey Barsky, M.D. 


HILE aneurysms of the aortic sinus of 

Valsalva are uncommon, the impor- 
ince of the correct diagnosis‘has been em- 
hasized by recent reports of successful sur- 
ical correction in patients with rupture of 
ich an aneurysm.! ? 

A patient with a ruptured sinus of Val- 
ilva associated with acute bacterial endo- 
irditis recently seen at the Beth Israel 
lospital, Boston, illustrates the problem of 
ifferential diagnosis in such instances. 

J. H. (Beth Israel Hospital No. M84990), 
68-year-old white man entered the hospital 
1 March 20, 1957, because of fever, chills, 

aud dysuria for 3 weeks. Urine sediment was 

eported to have contained numerous white 
and red blood cells at the onset of the illness 
and sulfasoxazole (Gantrisin) and tetracy- 
line therapy was instituted. During the next 
~ weeks, the fever and dysuria subsided and 
iherapy was discontinued. During the week 
prior to admission, however, the patient noted 
creased weakness, occasional chills, fever up 
io 102 F., and extreme dyspnea on slight 
xertion. A platelet count on the day of ad- 
\ission was reported as 18,000 per mm.® and 
he hemoglobin was 9 Gm. per cent. 

From 1941 to 1951 the patient received pe- 
iodie phlebotomies with relief of mild symp- 
oms of polyeythemia vera. Between 1952 
ud 1954 increasing hepatosplenomegaly was 
oted, the hemoglobin and white blood cell 
sunt fell, and occasional metamyelocytes and 
ivelocytes appeared in the peripheral blood. 
he diagnosis of myeloid metaplasia was ten- 
itively made, 

By August 1955, the platelet count was low, 
‘ere were transient bleeding episodes and the 
moglobin was 7.6 Gnu. per cent.  Predni- 

ne therapy was instituted. A chest film in 
From the Departments of Medicine and Pathology, 
th Israel Hospital, Boston, Mass. 


December 1956 was unremarkable. The last 
known examination of the heart 4 weeks prior 
to admission indicated no change. <A grade- 
II harsh blowing systolic murmur over the 
precordium, which had been present since 
1941, was heard. 

The patient on admission was acutely ill 
and in moderate respiratory distress. The 
blood pressure was 110/40 in both arms, the 
pulse was 90 and regular. Rectal tempera- 
ture was 101.6 F. 

There was cyanosis of the lips, and there 
were numerous ecchymoses over the abdomen 
and petechiae in the mouth. Crackling rales 
were heard at the right base. A strong thrill 
was felt maximally at the lower left sternal 
border in both systole and diastole. Grade- 
IV systolic and diastolic murmurs were heard 
over the entire precordium, loudest at the left 
sternal border in the fourth intercostal space. 
These murmurs radiated mainly to the right 
and downward. At times, the murmurs were 
continuous with a machine-like quality; at 
other times, there was a short silent period 
between the systolic and diastolic murmurs. 
First and second heart sounds were inaudible 
at the point of maximal intensity of the mur- 
mur. There was hepatomegaly, and the spleen 
was palpable 8 fingerbreadths below the left 
costal margin. Peripheral pulses were of the 
Corrigan type. 

Repeated urinalyses showed intermittent 
hematuria and albuminuria. Hemoglobin on 
admission was 11 Gm. per cent but 4 units 
of packed cells were required over a 20-day 
period to maintain it there. White bood cell 
count was 5,200 with 80 per cent polymorpho- 
nuelear leukocytes, 5 per cent band forms, 11 
per cent lymphocytes, 2 per cent monocytes, 
1 per cent myelocytes, and 1 per cent meta- 
Platelet count was 60,000 and 
reticulocyte count 3 per cent. Stool guaiac 


myelocytes. 
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Fia. 1 Left. 


of the right coronary aortie cusp. 
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Fic. 2 Right. Interior of right ventricle, showing pulmonary valve and “aortic aneurysm 


bulging through interventricular septum. Arrow indicates a smooth-lined perforation. 


on admission was negative; subsequently it 
was consistently 2+. The nonprotein nitrogen 
Liver function tests 
Three blood 


cultures taken on admission were positive for 


was 57 mg. per cent. 


showed parenchymal damage. 


Staphylococcus aureus, coagulase positive; 
subsequent blood cultures were negative. The 
venous pressure was 75 mm. of water. 

Chest x-ray was consistent with pulmonary 
edema and slight enlargement of the heart. 
Electrocardiograms showed right  bundle- 
branch block, first degree atrioventricular 
block, and left ventricular hypertrophy. 

A regimen was started of bed rest, aqueous 
penicillin, 1,200,000 units intramuscularly 
every 4 hours, and streptomycin 0.5 Gm. in- 
tramuscularly twice per day, prednisone 12.5 
mg. twice per day, and an ulcer diet. Lanato- 
side-C, 1.2 mg., was given over a 4-hour period 
followed by maintenance doses of digitoxin. 
One unit of packed red cells was also given. 

By noon of the next day, the patient was 
afebrile and complained only of anorexia. 
Chest x-ray showed marked pulmonary con- 
gestion, which responded to a low-sodium diet 
and frequent injections of mereuhydrin. Posi- 
tive blood culture reports of Staph. aureus, 
coagulase positive, supported the initial im- 
pression of bacterial endocarditis; penicillin 
and streptomycin were continued, since the 
organism was sensitive to these drugs. The 
most likely site of the rupture of the sinus of 


Valsalva if present was considered to b 
into the right ventricle or pulmonary arter: 
rather than the right atrium or superior ven: 
cava, since there was no pulsation of the nec! 
veins. 

During the first week, the patient continued 
to improve symptomatically. The blood pres 
sures varied between 130/60 and 120/0. Thi 
murmurs changed only in minor degrees from 
day to day. On the ninth hospital day, a 
splinter hemorrhage was seen under the right 
thumbnail, and the aortic murmurs were 
louder. On the tenth hospital day, pulsation 
of the pulmonary artery was not seen during 
chest fluoroscopy. This was considered to be 


evidence against an aorta-to-pulmonary arter 
fistula. 
On the seventeenth hospital day, the patie! 


suddenly developed dyspnea at rest ani 
marked orthopnea, and physical signs co) 
sistent with pleural effusion were noted « 
both lung bases. Digitoxin dosage was 1) 
creased and ammonium chloride and actaz 
lamide (Diamox) were added to the diuret 
regimen. 
1,200 ml. of straw-colored fluid were remov: 


On the twenty-first hospital da 


from the right pleural space and on the f« 
lowing day 500 ml. were removed from t! 
left pleural space. Following these procedur 
there was some relief of dyspnea; howev: 
the fluid reaecumulated in each pleural cavi 
and required removal on the twenty-sixth h: 
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ital day. At 3:30 a.m., on the twenty-sev- 
ith hospital day, the patient died suddenly, 
wing remained afebrile sinee the first hos- 
ital day. 
PATHOLOGIC EXAMINATION 
At autopsy, the heart was slightly enlarged 
eighing 410 Gm. There was an aneurysm of 
he right coronary sinus of Valsalva, 3.5 em. 
eep and 2.5 cm. in greatest diameter (figs. 
and 2). Most of the lining of the aneurysm, 
wluding the right coronary cusp, was yellow- 
sh and ragged, but a portion was smooth. 
‘here were 2 communications between the an- 
urysmal sae and the right ventricle, each 
hout 0.4 em. in diameter. One of these, 
vithin the ragged zone, had an irregular 
dge (fig. 3c); the second, within the smooth 
irea, had a regular smooth edge (fig. 2). 
here was also a communication with the left 
ventricle through the right coronary cusp, 
ineasuring 0.5 em. in diameter (fig. 3b). The 
commissure between the right and noncoro- 
lary cusps was excavated, yellowish, and 
ragged. On section, this alteration’ was seen 
io extend upward in the subepicardial tissue 
and into the right atrium, where it presented 
as a nodule immediately above the posterior 
commissure of the tricuspid valve. 
Microscopic examination revealed necro- 
‘izing inflammation in the aneurysm, the right 
oronary cusp, and the abnormal commissure, 
ith extension into the right atrium and the 
dventitia at the root of the aorta. These 
reas contained numerous inflammatory cells 
nd many colonies of cocci, embedded in a 
brin mesh. The grossly smooth part of the 
neurysm showed a fibrous wall with little 
‘tive inflammation. The entire picture was 
msistent with an acute bacterial endocarditis 
| an aneurysm of the sinus of Valsalva with 
veral perforations. It could not be deter- 
ined whether the aneurysm was congenital 
Was an erosive aneurysm caused by the 
ute bacterial endocarditis. 
Other pertinent findings included an en- 
rged liver and spleen (2,400 and 1,120 Gmm., 
spectively) which showed myeloid meta- 
asia. The bone marrow was hyperplastic. 
i occasional focus of hematopoiesis was 
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Fic. 3. Heart sections through aneurysm. (a) 
necrotic wall of aneurysm, (b) perforation into left 
ventricle, (¢c) rough-lined perforation into right ven- 
tricle, (d) right coronary artery, and (e) interven- 
tricular septum. 


noted in the right kidney. The lungs were 
acutely congested and edematous. There was 
obstructive benign prostatic hypertrophy, 
with bilateral nephrolithiasis and cystolithia- 
sis. There was stenosing arteriosclerosis of 
the ostium of the right renal artery associated 
with an atrophic right kidney (70 Gm.) and 
compensatory hypertrophy of the left kidney 
(270 Gm.). Petechiae were present in the 
left kidney, bladder, bowel, and skin of the 
back, and there were large ecchymoses on the 
extremities. 

Cultures of the aortic valve lesion grew out 
coliform bacilli, Bacillus subtilis, and coagu- 
lase negative Staph. albus; these were con- 
sidered contaminants. Culture of heart blood 
taken at autopsy was sterile. 


DIscUSSION 

The sinuses of Valsalva are 3 small dilata- 
tions in the wall of the aorta immediately 
above the aortic valves. They are in close 
relation to all of the cardiac chambers, par- 
ticularly the right atrium and right ventricle. 

Aneurysms of a sinus of Valsalva are either 
congenital or acquired. Congenital aneurysms 
are thought to be due to developmental de- 
fects in either the aortopulmonary segment or 
the elastic tissue of the aortic sinuses. Jones 
and Langley® list the following eriteria for 
differentiating the 2 types. In the congeni- 
tal type, the aneurysm (1) is confined to the 
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light coronary sinus and adjacent two thirds 
of the noncoronary sinus; (2) is usually 
small; (3) commonly ruptures into the right 
ventricle or right atrium; (4) remains intra- 
cardiac; (5) is usually associated with other 
developmental defects. In the acquired type, 
the aneurysm (1) may arise from any sinus; 
(2) tends to extend upward; (3) is often ex- 
t:acardiae; (4) cardio-aortic fistulae are rare; 
(5) congenital cardiae defects are rare; (6) 
it is always associated with acquired heart 
disease, usually syphilis or bacterial endocar- 
ditis. 

Diagnosis of nonperforated aortic sinus an- 
eurysm is difficult. Falhot and Thomsen in 
1953 described a ease of unruptured congeni- 
tal right aortic sinus aneurysm diagnosed by 
retrograde aortography.® Steinberg and Fin- 
by‘ made the diagnosis of unruptured aortic 
sinus aneurysm in 16 cases by angiocardiog- 
raphy. Six were thought to be congenital: 3 
were patients with arachnodactyly and 3 were 
associated with coarctation of the aorta. In 
9 of the remaining 10 cases, the aneurysm was 
due to syphilis. Steinberg suggested that the 
only clue to diagnosis on physical examina- 
tion is a grade-III to IV systolic murmur 
over the heart, especially to the left of the 
sternum." 

Perforation of an aneurysm is ordinarily 
accompanied by sudden intense dyspnea, 
sometimes associated with chest pain, espe- 
cially on minimal exertion; increase in pulse 
pressure; sudden appearance of continuous 
or *‘‘to-and-fro’ 


? 


murmurs usually at the 
fourth intercostal space to the left of the ster- 
num. 

Diagnostic methods which have been used 
to establish the diagnosis include cardiac 


catheterization® * ® 


10 


and surgical explora- 
tion. 

In our case, the diagnosis of ruptured aor- 
tic sinus of Valsalva into the right ventricle 
was strongly suggested by the history of sud- 
den onset of extreme dyspnea on minimal ex- 
ertion, the wide pulse pressure suggesting a 
lesion at or above the aortic valve, the finding 
at the lower left sternal border of a machinery 
murmur which radiated mainly to the right 
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and downward, and the known association o 
acute bacterial endocarditis with this cond; 
tion. Absence of facial edema and other fe 
tures of a superior mediastinal syndrome wa 
evidence against a fistula between the aort 
and superior vena cava. Absence of pulsatio 
in the pulmonary artery was evidence agains 
rupture into that structure. Absent cervica 
or peripheral venous pulsations were evidenc 
against rupture into the right atrium. 

Other conditions considered in the differe 
tial diagnosis were patent ductus arteriosu 
and aortie stenosis and regurgitation secon 
ary to bacterial endocarditis. These diagnose 


were considered unlikely on the basis of th 


character, location, and radiation of the mm 
murs. 

It cannot be ascertained whether the aneu 
rysm was congenital or acquired. In favor o 
a congenital origin are presence of a systoli 
murmur over the precordium for at least 1: 
years, presence of the aneurysm in the righ 
aortic sinus, and rupture of the aneurysm int: 
the right ventricle. 

As is illustrated by our patient, the cours 
of the disease is almost always rapidly de 
teriorating with most patients dying of in 
tractable congestive heart failure within 6 
months. 

In view of a recent case report of successful 
diagnosis and surgical treatment of ruptur 
of an aortic sinus aneurysm,! surgical correc 
tion was briefly considered in the case pr 
sented here, but the idea was abandoned be 
cause of the patient’s poor general conditio 


SUMMARY 

A case of ruptured aortic sinus of Valsaly 
aneurysm secondary to acute bacterial end: 
carditis is presented. In diagnosis of th 
entity emphasis is placed on the charact 
location, and radiation of the murmur. h 
portance of correct diagnosis is mentione 
since in some eases surgical correction mi 
be carried out. 


SUMMARIO IN INTERLINGUA 
Es presentate un caso de ruptura de 1 
aneurysma del aortic sinus de Valsalv 





AORTIC RUPTURE AND BACTERIAL ENDOCARDITIS 749 


secundari a acute endocarditis bacterial. In 
le diagnose de iste entitate, le accento dabe 
esser ponite super le studio del character, 
del location, e del radiation del murmure. 
Le importantia del obtention de un diagnose 
correcte es augmentate per le facto que in 


certe casos un correction chirurgie pote esser 
effectuate. 


3. 
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Quotation from “ART AND LIFE” 


LEONARDO DA VINCI 


Italian painter, sculptor, and scientist; 1452-1519 
The supreme misfortune is when theory outstrips performance. 
Poor is the pupil who does not surpass his master. 
Nature never breaks her own law.—Note Books. Trans. Edward McCurdy. From 
Great Companions. Readings on the Meaning and Conduct of Life from Ancient and 
Modern Sources. Vol. I, Boston, The Beacon Press, 1952. 





A Case of Abnormal Cardiac Position (Levoposition) 


By G. G. Rowe, M.D., anp L. W. Pau, M.D. 


LTHOUGH dextroposition  (dextrover- 
sion, uncomplicated isolated dextrocar- 
dia) is a well accepted anatomic configuration 
of the heart!: , it is believed that displacement 
of the heart into the left hemithorax to the 
degree here reported is an anatomic abnor- 
mality that has not been described previously. 
The patient was a 22-year-old white man 
who complained of dyspnea on exertion. He 
had known for many years that his heart was 
‘*not normal’’ and had been told repeatedly 
by physicians to limit his activity. He had 
noted for the first time when he was in high 
school that he became more dyspneic on exer- 
tion than his friends and although he could 
work all day at a steady rate, if he tried to 
hurry he developed symptoms. He _ believed 
that his fingernails had become cyanotie on 
occasions and he noted palpitation on exer- 
tion. It was difficult to be sure how much of 
his disability was induced by his heart and 
how much was iatrogenic. 

Physical examination revealed the chest 
wall to be of normal configuration without 
pectus excavatum. A cardiac impulse of nor- 
mal character was located between the anteri- 
or and lateral axillary lines on the left. There 
was a grade II to III pulmonic systolic mur- 
mur and a widely split pulmonie second 
sound. Chest roentgenograms (figs. 1 and 2) 
revealed that the gastric air bubble was on 
the left, and the heart was greatly displaced 
into the left hemithorax, lving on the dia- 
phragm. 

Laboratory examination revealed normal 
urine and peripheral blood. An electrocardio- 
gram (fig. 3) showed peaking of the P waves 
in the precordial leads. The electrocardio- 
graphic position was indeterminate. There was 
an rSr’ pattern in Vy and the T waves were 
iow in V4 and V; and inverted in V¢. No spe- 
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cific interpretation of this tracing could be 
made. 

Cardiae catheterization was done in order 
to reassure the patient, since it was considered 
that he had a normally functioning heart, but 
it was also believed that he could not be re- 
assured effectively without having some ob- 
jective demonstration of cardiac normality. 
The pulmonary arterial blood pressure was 
26/11 with a mean of 16 yum. Hg. The mean 
pulmonary artery wedge pressure was 13 
mm. He and presented V waves 9 mm. He 
in height. Right ventricular pressure was 
30/-1 with an end diastolic of 7. Femoral 
arterial blood pressure was normal as was 
systemie arterial oxygen saturation. By oxim- 
etry there was no evidence of any intracardiac 
shunt. The pulmonary wedge pressure was 
higher than we usually see in normal persons. 

The patient was reassured that his heart 
Was anatomically displaced but physiological- 
lv satisfactory. 


DISCUSSION 


Displacement of the heart secondary to 
disease in the thorax is not part of the present 
discussion, since the lesion described occurred 
iii an otherwise normal individual. For lack 
of demonstrable related thoracic disease the 
displacement is assumed to have been con- 
genital in origin even though there was no 
evidence of anomalous pulmonary venous econ- 
nection as has been described in some cases 
with dextroposition of the heart,** nor of 
any other congenital cardiac defect. Dextro- 
position is well known to occur without asso- 
ciated congenital defects,':* so that the ab- 
sence of the associated congenital lesion need 
not militate against the assumption of con- 
genital origin for this case of ‘‘levoposition.’’ 

Although the cause of cardiae malposition 
is unknown, it is said that the embryologic 
abnormality that produces it must take place 
in the second week of fetal life when normal 
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LEVOPOSITION 


Fig. 1. Posteroanterior and lateral roentgenograms of the chest. The displacement of the 
heart is well shown in the frontal projection with the mass of the left ventricle almost com- 


pletely separated from the shadow of the diaphragm. The heart is rotated in a counter- 


clockwise direction, 


Fig. 2. Right anterior and left anterior oblique roentgenograms with barium in the esophagus. 
The left ventricle projects posteriorly more than in the normal, The unusual prominence of 
the pulmonary artery is noteworthy, 





© 

Fic. 3. Electrocardiogram of the patient with ‘‘un- 
complicated levoposition’’ of the heart. 
rotation should occur.* Dextroposition of the 
heart seems to be produced by a reversal of 
the normal rotation,? and is characterized by 
displacement of the heart toward the right, 
producing a radiographic picture of dextro- 
cardia but without inversion of the cardiac 
chambers and without the electrocardiograph- 
ic pattern of dextrocardia.! Dextroposition 
is much more common than is levoposition of 
the degree described here. It is, of course, 
entirely probable that variable degrees of 
levoposition of the heart exist and are ac- 
cepted as within normal limits until such an 
extreme position as that in the present case 
oceurs. Such interpretation of cardiac posi- 
tions might well account for the discrepancy 
between the reported incidence of the 2 types 
of malposition. 

It is of considerable interest to observe how 
far from normal the cardiac position may be 
without distorting the  electrocardiogram 
fundamentally, although it is known that ana- 
tomie and electric positions are frequently 
not related. The present case affords some 
measure of the degree of discrepancy that 
may occur. Cardiac catheterization, by ex- 
cluding significant pathologic lesions, afforded 
this patient considerable relief from anxiety 
about his heart. 
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SUMMARY 


Dextroposition and levoposition are both 
believed to be forms of cardiae malposition 
that arise in early fetal life. It is believed 
that this is the first case of levoposition 
reported. 

When cardiae positions are grossly abnor- 
mal, special investigations are required to 
establish normality of cardiac function, since 
usual criteria for physical findings, electro- 
eardiographic data, and radiographic deter- 
mination of size and shape may not be appli- 
cable. 

SUMMARIO IN INTERLINGUA 

Es opinate que dextro- e levoposition del 
corde es ambes formas de malposition cardiac 
que ha lor origine in le prime phases del vita 
fetal. Le presente caso pare esser le prime caso 
levoposition reportate in le litteratura. 

In casos de grossier anormalitate del posi- 


tion cardiac, investigationes special es requi- 


rite pro testar le normalitate del functiones 
del corde, proque le eriterios usual—le con- 
statationes physic, le datos electrocardio- 
graphic, le determinationes radiographic de 
dimension e conformation—non es necessari- 
mente applicabile. 
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Bacterial Endocarditis in the Antibiotic Era 


With Special Reference to the Later Complications 


By Wiuuiam L. Morean, M.D., anp Epwarp F. Buanp, M.D. 


N 1944 Loewe and his associates demon- 
j strated the effective use of penicillin in 
he treatment of bacterial endocarditis.1 Dur- 
ig the ensuing decade and a half, 228 pa- 
ients with this disease have been treated at 
he Massachusetts General Hospital. The pres- 
nt report concerns primarily the outcome 
of therapy in this group with particular 
reference to the fate of those who survived 
their aetive disease. It also emphasizes cer- 
fain syndromes and delayed complications 
peculiar to the healing process. As asreminder 
f the relentless deteriorating course that 
prevailed before the antibiotic era, a_ brief 
review of the earlier contributions that estab- 
lished this disease as a clinical entity and 
prepared the way for successful therapy is 
icluded. 

In 1852 Kirkes first clearly attributed sys- 
iemie emboli to vegetations on heart valves,” 
uit similar cases actually had been described 
s early as 1707 by Lancisi and later by Senac, 
forgagni, and others.* It was Kirkes, how- 
ver, who provided the impetus to study ulcer- 
tive endocarditis at the time when patho- 
gic investigation was foremost and bacteri- 
logy was still in its infaney. 

By 1870, Winge and Heiberg had visualized 
icroorganisms in valvular vegetations,* 5 
“ilkes had associated arterial pyemia with 
\doearditis, pointing out that such a febrile 
lness might be mistaken for ague or mias- 
atie fever,® and Lancereaux, Leyden, and 
ieecoud had each given clear clinical deserip- 
ms of the disease.“® By 1886, Wyssokow- 
From the Cardiae Laboratory of the Massachusetts 
neral Hospital, Boston, Mass. 


itsch had isolated Stapylococcus aureus from 
a case of ulcerative endocarditis and had pro- 
duced the disease in dogs.!” 

In 1885 appeared the important contribu- 
tion of William Osler. He presented in the 
Gulstonian Lectures an analysis of 209 eases 
of malignant endocarditis and gave a deserip- 
tion of its pathologic features.11 He recog- 
nized that healed rheumatic valvulitis was a 
frequent precursor and the presence of mi- 
ecroorganisms in the vegetations a constant 
feature of this disease. Subsequently in 1908 
he deseribed the ‘‘chronic’’ cases and at that 
time called attention to the ‘‘nodosités cu- 
tanées éphéméres’’ which bear his name.!* 

By the turn of the century the nature of 
the organisms causing bacterial endocarditis 
had become known and the diagnostic technic 
of blood culture had come into use.* 11 
While opinions differed as to the classifica- 
tion of the gram-positive coecus, Schottmiil- 
ler in 1910 identified it as a streptococcus of 
the ‘‘viridans’’ type.'® At the same time Loh- 
lein deseribed the focal embolic nephritis 
characteristically found post mortem,’ which 
Horder had labeled the ‘‘flea-bitten kid- 
ney,’"!8 a feature more fully discussed by 
Baehr in 1912.1 T.ibman, who is credited with 
having named the disease subacute bacterial 
endocarditis, called attention to an occasional 
patient whose lesions healed spontaneously.?° 

By the end of the second decade of this 
eentury the clinical concept of this disease 
had been crystallized.*!: ??. Therapy, however, 
was universally unsuccessful, although Blum- 
er predicted that ‘‘chemotherapy might in 
the future be developed to a degree permitting 
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TABLE 1.—Bacterial Endocarditis (1944-1958) 
228 Cases 





Cured 


Treated Unrecognized 
Acute (53) 13 32 
31 25 


Subacute (175) 


of the elimination of these organisms from 
the body.’’ 

In the 1920’s and 1930's clinical studies 
emphasized the frequency of bacterial endo- 
carditis in rheumatie and congenital heart 
disease,?*** and pathologic studies were con- 
cerned with further detailed descriptions of 
the eardiae and systemic manifestations?®*4 
and the mechanism of valvular infection.**** 

During this period an oceasional encourag- 
ing instanee of surgical cure was reported. 
Thus in 1935 Hamman and Reinhoff, by ex- 
cision of an infected arteriovenous aneurysm 
of the external iliac, cured a case of subacute 
endarteritis and septicemia,®® and Touroff in 
1940 described a patient with an infected pat- 
ent ductus arteriosus who recovered after 
ligation of the ductus.*® 

With the advent of sulfonamide therapy 
in 1938, the promise of definitive treatment 
appeared near realization, but results proved 
disappointing. Lichtman’s review in 1943 of 
2596 cases in the literature revealed recov- 
ery of only 4 to 6 per cent of the patients 
treated with sulfonamide, alone or in com- 
bination with heparin or hyperthermia.*° 
Prior to this therapy approximately 1 per 
cent of patients had recovered spontaneously. 
Anticoagulants which were used in conjune- 
tion with the sulfonamides in 19394! were 
soon abandoned because of the added risk of 
cerebral hemorrhage, presumably secondary 
to embolism.*?: 4% 

Tn 1944, after decades of disappointment. a 
new and brighter era began. Very soon after 
the introduction of penicillin it beeame ap- 
parent that nearly 3 out of 4 of the victims 
of this heretofore fatal disease could be res- 
cued.4446 Now that almost 15 years have 
elapsed, both the immediate and the ultimate 
fate of patients with bacterial endocarditis 
can be viewed in helpful perspective. 
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THE PRESENT STUDY 

The 228 patients who form the basis for thi 
report comprise all cases with bacterial end 
carditis admitted to the Massachusetts Ger 
eral Hospital sinee 1944. The eriteria fc 
diagnosis were a clinical picture compatib! 
with bacterial endocarditis and at least 
positive blood cultures, or a pathologie d 
agnosis post mortem. There were 15 of 11 
successfully treated patients who had neg: 
tive blood cultures but presented the chai 
acteristic clinical features of this disease. 

The 228 patients may be divided for cor 
venience into 3 major groups (table 1) 
(1) those with acute bacterial endocarditi 
(53 eases) ; (2) those with subacute bacteria 
endocarditis who died during hospitalization 
(56 eases); and (3) those with subacute bac 
terial endocarditis treated successfully (11! 
eases). 

The patients with acute bacterial endocar 
ditis were somewhat older than the subacut: 
eases, with an average age of 55 years, rang 
ing from 8 months to 85 years and equally 
divided as to sex. Staphylococcus aureus, the 
predominant organism. was found in 31 in 
stances (60 per cent).* 

Tn nearly one half (25) of the acute cases 
there was no apparent preexisting cardiac 
disease or defect. Rheumatic valvular disease 
was found in 18 instances. ealeifie aortic 
stenosis in 6, bicuspid aortie valve in 2, syph 
ilitie aortitis in 1, and a ventricular septal 
defect in 1. 

Of the 175 patients with subacute bacteria! 
endocarditis, there were 96 males and 79 fi 
males: the ages ranged from 314 to 96 vear: 
with an average of 42. In the 119 cure: 
eases, rheumatic heart disease was present i 
105 and congenital heart disease in 14. Stre) 
tococcus viridans was isolated in 87 (73 px 
eent).+ The usual treatment was parenter: 


*Staphylococcus aureus 31, Pneumococeus 9, 
organism 6, Bacillus coli 2, and 1 each of B. prote: 
a-hemolytie streptococcus, B-hemolytie streptocoee 
Hemophilus influenza, and brucella. 

t Streptococcus viridans 87, Staphylococcus albus 
B-hemolytie streptococeus 2, Enterococeus 2, Staphy! 
coccus aureus 1, Hemophilus influenzae 1, diagno 
post mortem 8, and negative cultures in 15. 





\CTERIAL ENDOCARDITIS IN THE ANTIBIOTIC ERA 


nicillin for at least 3, often for 4 weeks or 
ier and penicillin combined with other 
tibioties in special instances. 

Korty-eight of the 56 patients who died 
| postmortem examination. Twenty-nine of 
m were afflicted with Streptococcus viri- 
ns; in 18 patients no organism was iso- 
ed.* Rheumatic heart disease was present 
38 of the fatal cases, whereas in 8 instances 
‘re had apparently been no antecedent val- 
lar disease as far as clinical history or 
stmortem examination could disclose.¢ 


AcutTE BacreriaL ENDOCARDITIS 
Only 8 of the 53 patients with acute bac- 
trial endocarditis (15 per cent) survived hos- 
pitalization. The cause of the high mortality 
is partially explained by the fact that the di- 
uvnosis was made during life in only 2 pa- 
tients. The reasons for failure of diagnosis 
were as follows. In 19 instances the presence 
of endocarditis was masked by the signs of 
overwhelming infection elsewhere, notably 
by pneumonia, meningitis, or peritonitis (11 
o! these infections were postoperative). Fur- 
thermore, there were 11 patients who did 
not survive long enough to permit a diagnosis. 
Of the 21 cases in which the disease was recog- 
nized before death, therapy was inadequate 
in 8, since only a few days elapsed between 
agnosis and death. Of the remainder, 4 
vere given too low a dose by present stand- 
ards, 2 died of resistant infection despite 
i zh antibiotic dosage, 1 died of a myocardial 
scess with compression of a coronary artery, 
| 6 survived. The 2 additional patients 
0 survived are of special interest. The 
ite endocarditis, unrecognized at the time 
both instances, had been cured with treat- 
nt of a severe pulmonary infection, but 
uths later postmortem examination re- 
‘led the healed bacterial endocarditis that 
| been unsuspected during the acute illness. 


Streptococcus viridans 29, Enterococcus 3, Staph- 
occus aureus 2, Staphylococcus albus 1, Bacillus 
2, B. pyocyaneus 1, no organism 18. 

Rheumatic heart disease 38, calcific aortic stenosis 
etralogy of -Fallot 2, biseuspid aortie valve 2, 
sposition and bicuspid pulmonary valve 1, pul- 
iry stenosis 1, and no valvular disease 8. 


Too 


TABLE 2.—Fatal Complications during Bacterial Kndo- 
‘carditis (92 Postmortem Cases) 


Acute Subacute 
bacterial bacterial 
endocarditis endocarditis 


Systemic emboli 
Cerebral 16 13 
Major coronary 
Mesenteric 
Other major 

Mycotie aneurysms 
Cerebral with rupture 
Cerebral without rupture 
Aortie root with rupture 
Aortie root without rupture 
Coronary with rupture 
Mitral valve 

Ruptured heart valves 
Mitral or chordae tendineae 
Aortie cusps 
Mitral and atrial septum 

Glomerulonephritis with 
clinical uremia 


Splenie rupture 


Postmortem examination was performed on 
44 patients (table 2). In contrast to the 
findings in the subacute cases, many emboli 
were septic and the valve damage was more 
acute, but mycotic aneurysms and glomerulo- 
nephritis were less frequent, probably because 
of the shorter duration of the disease. 

In thé 8 survivors Staphylococcus aureus 
was the responsible organism in 5 instances, 
and a pneumococeus in 3. The latter infec- 
tions were successfully eradicated by 2 to 4 
million units of penicillin a day over a 3- to 
4-week period. However, in the staphylococcal 
cases very large doses of penicillin were used, 
from 20 to 60 million units a day for 5 weeks, 
combined with other antibiotics such as chlor- 
amphenicol and erythromycin or, in the later 
cases, vancomycin. 

Three of the survivors have subsequently 
died: 1, in whom a perforated mitral valve 
was found post mortem, after 6 months of 
progressive congestive failure; 1 after 17 
months of progressive congestive failure; and 
the third 20 months after cure, with cerebral 
emboli complicating a mitral valvulotomy. 
Five patients are living at 3, 4, 17, 34, and 
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TABLE 3.—Major Factors as a Cause of Death during Subacute Bacterial Endocarditis 


Series 


Total no. 
patients 

| Number 

| dead 


Anderson and Keefer (1948) 
Friedberg (1950) 

Cates and Christie (1951) 
Present (1958) 


457* 
148 
4087 
175 


i | 
= | 
© | 


Percentage 


34 
24 


32 


| hemorrhage 


Congestive 
embolism 

| Cerebral 
or other 

| Resistant 

| infeetion 


| 
| 
| 
} 
| 
| 
| 
} 


vo | Arterial 


bo 
or 


x 
‘S 
& 
2 
a 
Y 
2 
o 


14 


_ 
> 25 


_ 
w 


21 


*Cases of non-hemolytic streptococcus subacute bacterial endocarditis with one or more 
treatment courses, collected from various hospitals in the United States. 


Based on an analysis of 408 patients with positive blood cultures from 14 treatment centers 


in Great Britain. 


{Cases dying during treatment and within 1 month. 


§$Inecludes 13 with valve rupture. 


60 months after cure of the acute infection. 

in comparison the series reported by An- 
derson and Keefer is of special interest.*‘ 
They collected from the literature, up to 
1948, 116 cases of staphylococcal endocarditis 
treated with antibiotics. The mortality was 
77 per cent. Subsequently others have re- 
corded a slightly more encouraging outcome 
with approximately a 50 per cent survival 
rate,*> #® but the most recent report (1958) 
by Shubin and his collaborators indicated a 
74 per cent death rate in 27 cases.*° 

As to therapy, Finland (1958) recommends 
that eaused by a resistant 
staphylococcus be treated by 2 antibiotics to 
which the organism is sensitive, initially in 
the maximum tolerated dose by the parenteral 
route, with treatment continued for 6 weeks. 
A change to the oral route and lower dosage 
is advised only after bacteremia, fever, and 
acute symptoms have subsided. If tolerance 
develops, the dose should be increased to the 
maximum tolerated or the antibiotics should 
be changed.54 


endocarditis 


SUBACUTE BACTERIAL ENDOCARDITIS 
UNSUCCESSFULLY TREATED 
Fifty-six of the patients with subacute bac- 
terial endocarditis died before leaving the 
hospital (32 per cent). Congestive heart fail- 
ure was an important cause of death in 31 of 
these patients. It can be seen from the post- 
mortem findings of 48 of these cases that re- 
cent severe endocardial damage superimposed 


= 


on preexisting heart disease of considerab! 
degree was usually the determining fact 
(table 2). The immediate cause of death i 
one half of the cases was an embolus to 
major systemic vessel or rupture of either 
mycotic aneurysm or a valve cusp. Emboli 
myocardial infarction occurred in il 
stances, and this together with focal myocai 


5 


) 


dial injury was probably an important factor 


in congestive failure and death in 14 of th 
48 postmortem cases. 


It is possible that many of these severe 


complications could have been prevented b) 


earlier and more vigorous treatment, since 


the diagnosis was not suspected in 25 pa 


tients and 7 other patients died within a few 


days after diagnosis and before therapy coul: 


be effective. In general the reasons that the 


diagnosis was not suspected or established 
were as follows: hospitalization for only « 


few days; mistaking a complication (such as 


myocardial or cerebral infarction) 
primary disease ; masking of symptoms by a 


tibiotics employed for localized infectio 


for the 


elsewhere; negative cultures; and absence ©! 


fever. Ten patients in the early days we 
given too small a dose by present standard 


The experience of others has been simil: * 


to that in the present series (table 3). A mo 
tality of 32 per cent was recorded in Ande 
son and Keefer’s collected statistics on 
series of 457 patients with non-hemolyt 
streptococcus endocarditis.** Friedberg’s mo 
tality rate was 34 per cent in 148 patients 
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& PTS SURVIVING 


ee ee i ee 
YEARS AFTER S.8.E. 


lig. 1. Survival after subacute bacterial endocar- 
ditis. 


In his study inadequate therapy was ex- 
plained by negative cultures in 19 instances, 
resistant organisms in 8, and diagnostie errors 
in 8. The commonest cause of death in his 
0 fatalities was congestive heart failure in 
29, cerebral embolism in 13, uremia in 6, and 
persistent infection in the remainder. In 
a combined study of 408 patients assembled 
from 14 centers in Great Britain, Cates and 
Christie found a mortality of 24 per cent 
during treatment or within a menth there- 
after.44 


SupacuTe BacteriaAL ENDOCARDITIS 
SUCCESSFULLY TREATED 

Of the patients with subacute bacterial en- 
docarditis 119 (68 per cent) were treated suc- 
cessfully and were discharged from the hos- 
pital clinically well. If the 25 cases are ex- 
cluded in which the disease was not recog- 
nized before postmortem examination, 79 per 
cent recovered of those actually treated. All 
119 cured patients have been followed up to 
the present except for a single patient treated 
in 1948 who is ‘‘lost.’’ The present state of 
health in each instanee has been determined 
by hospital examination or by consultation 
with the patient or his physician. Figure ] 
indicates the fate and duration of follow-up 
‘f the 119 survivors, and table 4 presents the 
letailed statistical analysis of the clinical 
lata based on the method of Merrell and 
Shulman.®? It can be seen that 60 patients 
have been followed for 5 years with a 70 per 
‘ent survival rate, and 23 patients for 10 
vears with a 50 per cent survival. The annual 


TABLE 4.—Follow-Up of 119 Patients after Subacute 
Bacterial Endocarditis* 


Estimated 
proportion of 
persons surviving 
to a given year 
who: 


Years after 

No. of patients 
observed at a 

given year 

No. of patients 
living but with- 
drawn from series i 
next yearly interval 
No. of patients 
dying in next 
patients surviving 


subacute 
| bacterial 


die before next 
yearly interval 


yearly interval 
yearly interval 
Percentage of 


endocarditis 
survive next 


_ 
_ 
+ 
He 
—_ 


0.137 0.863 
0.051 0.949 
0.087 0.913 
0.051 0.949 
0.030 0.970 
0.035 0.965 
0.020 0.980 
0.023 0.977 
0.133 0.867 
0.105 0.895 
0.140 0.860 

1.000 

1.000 
0 1.000 


ea @ 
' 


> 
ee wo 


cS @ * 


4 
Cie mm 15 tS 


11 
12 


oOo ow oI ce 


*Based on Life Table statistical analysis,” at the 


suggestion of Dr. Jane Worcester, Harvard School of 
Publie Health. 
+The patient lost to follow-up is included. 


death rate in the present study averages 5 
to 6 per cent. 

These findings are in accord with those of 
Cates and Christie in their 4-year follow-up 
survey of collected cases, in which they found 
that after the first 6 months there was a low 
death rate of 4 per cent per annum. Several 
recent reports have presented follow-up data 
on patients with treated bacterial endocar- 
ditis, but as yet very few series include pa- 
tients followed 10 years or longer,** 4% 5361 
Thus in over 700 of these patients from the 
literature described as successfully treated, 
only 52 have been followed 5 or more years 
and only 17 to 10 or more years. 


THE Fate of PATIENTS WITH HEALED 
BACTERIAL ENDOCARDITIS 
It has become increasingly clear with con- 
tinued observation that even though therapy 
has been successful, a variety of delayed com- 
plications may occur in subsequent years. In 
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particular, further valve deformity associated 
with the healing of bacterial endocarditis may 
play a determining role in the patient’s later 
course. 

There were 50 patients who survived sub- 
acute bacterial endocarditis but later suc- 
cumbed, and a considerable number of pa- 
tients were never quite well again. The prime 
cause of disability and death appeared to be 
slowly progressive heart failure in 21 in- 
stances, sudden death complicating severe 
aortic regurgitation in 4, cerebral vascular 
accident in 4, pulmonary embolism in 3, ure- 
mia in 3, subsequent acute bacterial endocar- 
ditis in 2, unassociated disease in 3; it was 
unknown in 10 eases. 

The pathologie findings in 17 of the 50 
patients who were successfully treated but 
later died serve to emphasize the importance 
of certain delayed clinical syndromes (table 
5). Twelve of these patients showed severe 
valvular deformity, principally from healed 
subacute bacterial endocarditis which in turn 
resulted in slowly progressive congestive 
heart failure. Two patients revealed no recog- 
nizable residual vegetations, and 3 others had 
only small healed vegetations. The noteworthy 
features of healed endocarditis in this series 
are as follows: 


Limitation of Activity. There are 68 living 


patients: 4 have been in congestive failure 
and 4 others have minor limitation; the re- 
maining. 60 are normally active. If all the 
cases that survived subacute bacterial endo- 
carditis are considered, 42 of the 119 were ul- 
timately in congestive heart failure (36 per 
cent). Kerr likewise has estimated that of 
the patients surviving treatment, one-sixth to 
one-third will have residual impairment.® 
Recurrence of Bacterial Endocarditis. Ten 
patients had a recurrence of bacterial endo- 
carditis 6 months to 10 years after the ini- 
tial episode (table 6). All were readmitted to 
the hospital with 2 or more positive blood eul- 
tures and were successfully treated, except 
for 2 patients with Staphylococcus aureus en- 
docarditis who died. One of these fatal cases 
had acute vegetations at the perforation site 
(presumably old) of an aortic cusp, and the 
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other developed acute bacterial infection fol- 
lowing mitral valvulotomy. This reeurrence 
figure of 8.5 per cent is higher than that 
in the literature, which is quoted as 2 to 4 
per cent, *® but the longer duration of fol- 
low-up here, as compared with earlier reports, 
seems an adequate explanation for this dis- 
crepancy. 

Severe Aortic Incompetence. Sixteen of the 
119 cured patients had severe aortic incompe- 
tence characterized clinically by free regurgi- 
tation. In 8 instances subaeute bacterial en- 
docarditis either caused or aggravated the 
degree of valvular insufficiency. Nine patients 
are living at the latest follow-up, 5 of whom 
are well compensated. Four of the 16 have 
angina pectoris on effort, and 5 have under- 
gone surgery with insertion of a Hufnagel 
valve. Four patients came to postmortem ex- 
amination, and the findings indicated a severe 
degree of aortic incompetence attributed 
largely to the healed bacterial endocarditis. 
This hazard of further aortic valve damage 
and increased insufficiency at the time of sub- 
acute bacterial endocarditis is now well recog- 
nized.®: 61, 63, 64 

Mitral Valve Aneurysm. In 2 instances in 
the 17 postmortem cases aneurysms of the 
anterior leaflet of the mitral valve were 
found. In 1 (patient F.G.) the size of the 
aneurysm probably obstructed the mitral ori- 
fice until its perforation later resulted in 
severe mitral regurgitation and congestive 
failure. Saphir and Leroy demonstrated 5 
true aneurysms of the mitral valve in 12 
hearts from patients with bacterial endocar- 
ditis seen between 1943 and 1946, but they 
had encountered none in a comparable series 
before the penicillin era.** The lesion occurs 
most frequently on the anterior mitral leaflet, 
especially in the presence of aortic regurgita- 
tion, and it has been found post mortem in a 
patient as long as 5 years after bacterial en- 
docarditis.©* 

Valve Perforation. Eight patients had per- 
foration of a cusp of the mitral or aortic 
valve not related to aneurysm formation. All 
but 1 showed severe progressive congestive 
failure leading to death. Although it is often 
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TABLE 5.—Patholoyic Findings in ‘‘ Healed’’ Subacute Bacterial Endocarditis 


Type of 


Patient Sex heart disease 


M rheumatie 


H.D. 


rheumatie 


rheumatic 


caleifie 
aortie 
stenosis 


ealeifie 
aortic 
stenosis 


rheumatie 


rheumati¢ 


rheumatic 


rheumatie 


rheumatie 
rheumatie 


hieuspid 
aortic 
valve 


rheumatie 


rheumatie 


rheumatic 


rheumatie 


M ~~ rheumatie 


Interval 
between cure 


of 


and death 


10 yr. 


10 yr. 


, 1 mo. 


Con- 
gestive 
heart 
failure 


SBE 
Valve lesion 
small aortic vegeta- 
tions with bae- 
teria* 


1 mo. 


perforation aortic 
cusp 


perforation aortic 
leaflet mitral 
valve 
2 mo. perforation aortic 
valve 


caleified nodules 
aortie valve 

perforation mitral 
valve 

sinus Valsalva 
aneurysm 


perforation aortic 
cusp 


perforation aortic 
cusp, acute endo- 
carditis on mitral 
valve 


small healed mitral 
vegetations 


free aortic regurgi- 
tation with marked 
scarring aortic 
valves and ring 


small ealeified aortic 
vegetations 


no definite residual 
vegetations 


free aortic regurgi- 
tation 

perforation aortic 
cusp 

mitral valve 
aneurysm 


free aortic regurgi- 
tation with sear- 
ring aortic valves 


no definite residual 
vegetations 


free aortic regurgi- 
tation with severe- 
ly searred aortic 
cusps 


shortening post. 
mitral valve cusp 


mitral aneurysm 
with perforation 


Myocardium Other 


focal inter- 
stitial fibrosis 


focal fibrosis died with coronary 
embolus and infare 


tion 


lurge areas 
fibrosis 


patchy 
fibrosis 


fibrosis 
Aschoff 
bodies 


nephritis with uremia 


foeal fibrosis 
and 


abscesses 


endocarditis twice ; 
Staph. aureus on 
recent mitral valvu- 
lotomy site 


interstitial 
fibrosis 


died with pulm. em- 
boli and recent 
myocardial infaret 

occasional 
fibrotie 
areas 


angina; died at time 
of Hufnagel valve 
insertion 


died from metastatic 
careinoma ovaries 


endocarditis twice; 
Staph. aureus per- 
foration site aortic 
valve; infected 
thrombus in Huf- 
nagel valve 


patehy 
fibrosis 


small areas 
of fibrosis 


died 1 month after 
Hufnagel valve, 


? arrhythmia 


died suddenly—no 
evidence prior 
rheumatic heart 


disease 


fibrous sears 


*Gram-positive organisms were found post mortem microscopically in healing vegetations, 
indicating probable incomplete cure. 
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TABLE 6.—Recurrence of Bacterial Endocarditis 


Interval 
between 
attacks of 
endocarditis 


Organism Living Dead 
duration of duration of 
follow-up follow-up* 


Type of 


heart disease 2nd attack 


Ist attack 


6mo. RHD -AR,MS a-strep. Staph. aureus Died in hospital. At 
p.m. healed S.B.E. 
aortic and mitral 
vales, A.B.E. mi- 
tral valve 


yr. RHD - AS, AR a-strep. a-strep. l yr., 1 mo. 


yr.,2mo. RHD- MR a-strep. a-strep. 7 mo. (no autopsy ) 
4yr.,5mo. RHD-MR,AR a-strep. a-strep. 4yr.,9 mo. 


yr.,8mo. RHD- AS, AR Staph. albus a-strep. 


i yr. Bicuspid ? 


aortic valve 


.,6mo. PDA - bicuspid 
aortie valve 


RHD - MR 


7 yr., 8 mo. 


l0yr.,7mo. RHD- MR 


a-strep. 


a-strep. 


RHD - MR, AR, MS a-strep. 


Staph. aureus Died in hospital. 
Healed S.B.E. mit 
ral valve with per 
foration and 
A.B.E. aortic 


valve 


>-strep. 


a-strep. 2 yr., 9 mo. (no 


autopsy ) 


Staph. albus 3 yr.,1 mo. 


Enterococcus a-strep. 10 mo. 


*Follow-ups are from the time of the second attack. 


RHD, rheumatic heart disease; PDA, patent ductus arteriosus; MS, mitral stenosis; MR, 


mitral regurgitation; AS, aortie stenosis; AR, aortic regurgitation; A.B.E., acute bacterial 
endocarditis; S.B.E., subacute bacterial endocarditis. 


difficult to determine the time of rupture, in 
4 patients failure appeared shortly before 
death and months after cure of the infection. 
As with ruptured mitral valve aneurysms, 
the abrupt appearance of a new and loud 
murmur followed by otherwise unexplained 
heart failure may signal this event (fig. 2). 

Valve Distortion. In 2 eases the pathologist 
suspected that unusually severe distortion of 
the valve had been caused by the endoear- 
ditis. In the first instanee there was ex- 
tensive searring and shortening of the pos- 
terior leaflet of the mitral valve leading to 
mitral incompetence of high degree, and in 
the other case there were extensive calcium 
deposits on the aortic valve, the character and 
distribution of which probably indicated the 
site of the healed endocarditis. 

Myocarditis. The most frequent finding in 
the myocardium post mortem was widespread 


focal fibrosis, which probably represented 
healed myocardial involvement secondary to 
bacterial endocarditis. Aschoff bodies were 
found in the routine sections only once. 
Saphir and others have emphasized the im 
portance of the varied myocardial lesions en 
countered in bacterial endocarditis, which in 
clude foeal and diffuse myocarditis, micro 
abseesses, perivascular cellular infiltration 
and multiple minute areas of infaretion.®s" 

Late Embolism. There were 9 instances o! 
embolism following cure of endocarditis, but 
in only 1 patient was death clearly attribute: 
to the embolus. This patient (H.Y., table 5 
died 2 months after hospital discharge fol 
lowing the sudden onset of a coronary em 
bolus and acute myovardial infaretion.“' Al 
though neither late cerebral embolism no 
ruptured systemie aneurysm was found in th 
postmortem cases, either condition may occu 
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lespite successful eradication of the infee- 
ion. In the living patients an iliae mycotic 
neurysm was found in 1 patient 9 months 
ifter discharge and was successfully excised, 
iid an aneurysm, possibly mycotie, was found 
yond the site of aortic coarctation at oper- 
tion 2 years after bacterial endocarditis. 
sikewise, in Cates’ and Christie’s series late 
mbolism occurred up to 70 days after treat- 
ient in 15 patients who were bacteriologiecal- 
v cured, and a mycotic cerebral aneurysm 
uptured in 7 cases from 1 to 22 months after 
herapy; in 2 other eases a peripheral an- 
urysm developed after successful therapy. 
Chronic Renal Damage. Although uremia 
as more frequently noted prior to the anti- 
iotie era (in 14 per cent of Bell’s 108 
ases) ,°° only 5 patients on long-term follow- 
p have evidence of permanent renal insuffi- 
iency. In 2 of these 5 patients there was evi- 


say athe 


Fig. 2. Perforation of anterior leaflet of the mitral valve by subacute bacterial endocarditis. 
The infection was arrested by antibiotics, but the patient sueeumbed 4 months later with 
intractable congestive failure. (Case Records 
43321, New England J. Med. 257: 279, 1957.) 


of the Massachusetts General Hospital, no. 


denee of glomerulonephritis at postmortem 
examination, in one without clinical impair- 
ment (patient L.R.) and in the other with 
a history of progressive uremia with the 
serum protein nitrogen rising to 150 mg. per 
cent (patient A.S.). This strikingly lower 
incidence since the introduction of antibiotics 
has been emphasized by others as well. 


SUMMARY 


Sinee the introduction of penicillin therapy 
for bacterial endocarditis in 1944 there have 
been 228 patients with this disease at the 
Massachusetts General Hospital. In 53 in- 
stances it was of the acute form, and in 175 
it was subacute. The immediate outcome and 
the ultimate fate of these patients have been 
studied. 

Acute bacterial endocarditis remains an 
ominous and often fatal disease. In only 21 





patients was the presence of an aeute bae- 
terial infection on the heart valve recognized 
before death; 8 of these survived. Even when 
the disease was recognized clinically, death 
often ensued before an adequate antibiotic 
program could be instituted. 

Tn the subacute group 119 patients (68 per 
cent) recovered and 56 (32 per cent) died. 
Postmortem examination in 48 of the 56 re- 
vealed that the principal cause of death in 
one half the cases was either rupture of a 
mycotic aneurysm or valve cusp or an em- 
bolus to a cerebral or coronary vessel. In the 
postmortem group the presence of bacterial 
endocarditis was unsuspected in 25. Therefore 
the ‘‘cure rate’’ in those actually treated was 
79 per cent. 

Of the 119 patients who recovered, 60 pa- 
tients have been followed for 5 years with a 
69 per cent survival rate, and 23 for 10 years 
with 49 per cent survival. Only 1 patient has 
been ‘‘lost.’’ The principal cause of death 
in the years after cure of bacterial endocar- 
ditis has been congestive failure. 

In the 119 original survivors, 16 had a 
high degree of aortic regurgitation, clearly 
augmented by their disease in 8 instances and 
necessitating a Hufnagel valve in 5. Embolic 
episodes unrelated to active infection oc- 
curred later in 9 patients, and arterial 
aneurysms were found at a later date in 2. 
A recurrence of bacterial endocarditis from 
6 months to 10 years after the original in- 
fection oceurred in 10 patients (8.5 per cent), 
8 of whom again had Streptococcus viridans 
infection and were rescued, whereas 2 had 
Staphylococcus aureus and succumbed. 

Postmortem examination was done in 17 
patients with healed bacterial endocarditis 
who later died. In 12 of the 17 cases a severe 
degree of structural damage was found to 
be the result of the healing process. These 
alterations were responsible for a variety of 
special syndromes now recognized as peculiar 
to the antibiotic era. Notable in this group 
was aortic regurgitation of unusually high 
degree, frequently associated with left ven- 
tricular failure and angina pectoris. In other 
instances the abrupt onset of congestive fail- 
ure heralded the rupture of a weakened valve 
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cusp. Some patients were never well again. 
and their insidious decline and ultimate death 
resulted from one or more factors including 
valve distortion, diffuse myocardial injury 
and oeceasionally a reactivation of rheumatic 
fever. Finally, in a few instances a fatal 
embolus occurred. 

In concluding this survey of bacterial en 
docarditis in the antibiotic era, 3 special fea 
tures remain for further study and clarifica 
tion. First in importance is the prevention 
of rheumatic and possibly of congenital heart 
(lisease, thereby eradicating the cardiac le 
sions most susceptible to bacterial invasion. 
Second, the protection ef patients with these 
lesions during dental and other surgical pro 
cedures is vital; although the currently rec 
ommended programs for this purpose seem 
adequate in the majority of instances, the op- 
timal antibiotic dosage and the duration of 
administration remain to be settled. Third, 
the emergence in recent years of increasing 
numbers of organisms resistant to presently 
available antibiotics poses a most serious and 
urgent problem. 


SUMMARIO IN INTERLINGUA 


Depost le introduction de therapia a peni- 
cillina in endocarditis bacterial in 1944, 228 
patientes con iste morbo ha essite tractate al 
Hospital General Massachusetts. In 53 easos 
le morbo esseva acute, in 175 subacute. Le 
resultatos immediate e le ultime fato de iste 
patientes ha essite studiate. 

Acute endocarditis bacterial remane un 
morbo de mal augurio que se termina fre 
quentemente con le morte del patiente. In 
solmente 21 del casos, le presentia de un acut 
infection bacterial del valvula cardiac essev: 
recognoscite ante morte. In 8 de iste 21 caso: 
le patiente superviveva. Mesmo in le casos i1 
que le morbo esseva recognoscite clinicament« 
le morte oceurreva frequentemente ante qu 
un adequate programma antibiotic potev: 
esser instituite. 

In le gruppo del casos subacute, 119 pa 
tientes se restabliva e 56 moriva (i.e. 68 
32 pro cento respectivemente). In 48 del 5 
mortes, examines necroptic revelava que | 
causa principal del morte (in un medietat 
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del casos) esseva ruptura de un aneurysma 
mycotie o de un cuspide valvular o un embolo 
de vaso cerebral 0 coronari. In le gruppo de 
casos studiate necropticamente, 25 habeva en- 
docarditis bacterial non previemente suspicite. 
Assi le proportion de curationes in casos de 
facto tractate esseva 79 pro cento. 

Ex le gruppo de 119 patientes qui se res- 
tabliva, 60 esseva tenite sub observation du- 
rante 5 annos, con un superviventia de 69 pro 
cento, e 23 durante 10 annos, con un super- 
viventia de 49 pro cento. Le causa principal 
de morte durante le annos post le curation de 
endocarditis bacterial esseva_ disfallimento 
congestive. 

Inter le 119 superviventes original, 16 
habeva un alte grado de regurgitation aortic, 
clarmente augmentate per le morbo in 8 casos 
e requirente un valvula de Hufnagel in 5. 
Episodios embolic non relationate a_ infee- 
tiones active esseva trovate subsequentemente 
in 9 patientes, aneurysmas arterial in 2. Re- 
currentia de endocarditis bacterial, a periodos 
(le inter 6 menses e 10 annos post le infection 
original, oecurreva in 10 patientes (8,5 pro 
cento). Octo de istes esseva inficite per 
Streptococcus viridans; illes esseva salvate. 
Duo habeva Staphylococcus aureus; illes 
moriva. 

Examines necroptie esseva effectuate in 17 
patientes con curate endocarditis bacterial 
qui moriva subsequentemente. In 12 del 17 
un grado sever de damnification structural 
esseva recognoscite como resultato del proces- 
so curative. Iste alterationes esseva respons- 
abile pro un varietate de syndromes special 
que es hodie considerate como peculiar al era 
del antibioticos. Notabile in iste gruppo esseva 
regurgitation aortie de grado inusualmente 
ilte e frequentemente associate con disfalli- 
nento sinistro-ventricular e angina de pec- 
‘ore. In altere casos le declaration abrupte 
le disfallimento congestive precedeva le rup- 
ura de un debile cuspide valvular. Plure 


vatientes nunquam se retrovava complete- 
nente ben, e lor insidiose declino e lor ul- 
ime morte resultava ab un o plures in un 
eries de factores que ineludeva distorsion val- 
‘ular, diffuse lesiones myocardial, e a vices un 
‘e-activation de febre rheumatic. Finalmente, 
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in plure casos un embolo mortal occurreva. 
Pro coneluder iste revista de endocarditis 
in le era del antibioticos, il remane 3 aspectos 
special que require un studio e un elarifica- 
tion additional. Le plus importante es le 
prevention de morbo cardiac rheumatic e 
possibilemente etiam congenite, con le objec- 
tivo de eradicar le lesiones cardiac que es le 
plus vulnerabile per invasiones bacterial. 
Seeundo, le protection de patientes con iste 
lesiones durante interventiones dental e al- 
teremente chirurgie es vitalmente importante. 
sen que le programmas currentemente recom- 
mendate pro iste objectivo pare esser ade- 
quate in le majoritate del casos, le melior 
dosage de antibiotico e le duration del admin- 
istration remane a fixar. Tertio, le emergen- 
tia, in recente annos, de crescente numeros de 
organismos resistente al nune disponibile an 
tibioticos pone un seriosissime e urgentissime 
problema. 
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The Malignant Carcinoid Syndrome 


By Rouanp E. Scuneckuotu, M.D., Irvine H. Pace, M.D., anp 
A. C. Corcoran, M.D. 


R. ROLAND E. SCHNECKLOTH: This 

conference is concerned with some of 
the manifestations of malignant carcinoid 
tumors and the associated release of excessive 
amounts of serotonin into the circulation. 
3efore undertaking any discussion of the 
endocrine aspects of the carcinoid syndrome, 
we would like to hear from Dr. Page some- 
thing about the history of serotonin. Its isola- 
tion in 1948 antedated recognition of the ear- 
cinoid syndrome, the two not being linked 
until 1953. 

Dr. Irvine H. Pace: Serotonin has had, 
and promises still to have, a checkered and 
unexpected career. In 1947, with Dr. Maurice 
Rapport and the late Dr. Arda Green, we 
endeavored to characterize the vasoconstrictor 
substance which for nearly a hundred years 
had been known to form during the clotting 
or defibrination of blood. As a matter of fact, 
we were not as much interested in this sub- 
stance, as such, as in the possibility of doing 
away with it. Its occurrence in serum and 
plasma was a major artifact in the analysis 
of blood for the pressor and vasoconstrictor 
agents that we believed might be concerned 
in hypertension. A year later, a_ potent 
material, closely related to tryptamine, was 
finally crystallized from serum extracts, its 
structure was partially determined, and it 
was given the name serotonin.' Rapport? in 
1949, completed its structural identification 
as 5-hydroxytryptamine, complexed with ere- 
atinine and sulfurie acid and, a little later, 
the active amine was synthesized. 
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At that time, we conceived of serotonin a: 
an agent which probably contributed to body 
economy only by causing constriction of 
blood vessels around a clot. Nowadays we ar: 
not sure that this is the case, but we do know 
that it has a much broader physiologic sig 
nificance. Thus, for several years, Erspamer. 
in Italy, had studied extracts from gastroin 
testinal mucosa of mammals and of various 
invertebrates that stimulated smooth muscel: 
and appeared to originate from the argentaf 
fin or enterochromaftin cells. He called the ac 


ec 


tive principle in these extracts ‘‘enteramine,”’ 
although it had not been isolated. In 1952, 
Erspamer and Asero* showed this material to 
be identical with 5-hydroxytryptamine or sero 
tonin. Subsequently, Betty Twarog and I' 
found serotonin in the brain, especially in the 
hypothalamus, midbrain, and, as shown by 
Amin, Crawford, and Gaddum,°* the medial 
part of the thalamus. Since then, it has been 
the subject of extensive investigation in con 
nection with functions of the central nervous 
system. Serotonin is present in the blood 
stream, bound to platelets. This binding seem: 
to protect the circulating serotonin from mono 
amine oxidase by which free serotonin is rap 
idly destroyed. Formation of serotonin occur 
in stages, first by hydroxylation of tryptopha: 
to 5-hydroxytryptophan and then by deca 
boxylation of this intermediate to 5-hydroxy 
tryptamine or serotonin. Serotonin is the 
subsequently broken down by amine oxidas 
and exereted into the urine as 5-hydroxyil 
doleacetic acid. 

Although the precise physiologic roles ¢ 
serotonin have not been definitely establishe: 
it seems to play a major part in the carcino 
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idrome. Since carcinoid tumors appear to 

ginate from the chromaffin cells of the in- 

tinal traet, Lembeek,® in 1953, extracted 

' of these and succeeded in finding large 

ounts of serotonin. By analogy with pheo- 

‘omocytomas, carcinoid tumors seem to in- 

ce significant systemic disturbances only 

en there are extensive metastases, usually 
the liver. The appendiceal carcinoid tumors 

id to be localized, while the extra-appendi- 

il tumors are more often invasive, not only 

the regional lymph nodes, but also to dis- 

it organs. A case of metastatic carcinoid 
th unusual clinical manifestations, includ- 

x pulmonic stenosis was reported in 1952 

Biorck, Axen, and Thorson.’ But the first 

uggestion that there might be a definite syn- 
rome associated with malignant carcinoid 
tumors was made by Isler and Hedinger® in 
1953. This suggestion was confirmed and the 
syndrome was related to the release of sero- 
tonin from the tumor in a further report by 
Thorson, Biorek, Bjorkman, and Waldenstrom 
in 1954.9 . 

These reports aroused a great deal of in- 
terest. The condition, although rare, is now 
well recognized. The syndrome is manifested 
hy attacks of vasomotor disturbance, notably 
a peculiar transient red or violaceous flushing 
o! the skin, by intestinal hypermotility, and 
i!) some by respiratory distress. Several cases 
have been complicated by endocardial fibrosis 
With pulmonary valvular deformity. Those 
io show the syndrome also demonstrate in- 
«cased amounts of serotonin in the blood and 
i -reased output of the serotonin metabolite, 
» iydroxyindoleacetic acid, in the urine. 

OR. SCHNECKLOTH: We would now like to 

‘sent a patient who exhibits some of the 

tures of the carcinoid syndrome. In re- 

wing this case, it is important to remember 

t not every patient with a malignant car- 

oid tumor shows all features of the syn- 

me; this patient, for example, showed no 

‘ical evidence of cardiovascular , disease 

| no respiratory symptoms other than some 

typnea. 
CasE REPORT 

Ir. W. J. C. was referred by Dr. D. E. Nolan 

0i the Veterans Administration Hospital, Seattle, 
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and admitted to the Cleveland Clinie Hospital 
for further study. The patient was 29 years of 
age. He had had severe chronie diarrhea and 
paroxysmal attacks of flushing of the skin for 
approximately 4 years. In 1955, laparotomy re- 
vealed an inoperable pyloric mass with extension 
to regional lymph nodes; biopsy of nodules in the 
liver showed malignant carcinoid. 

On physical examination, there was a persistent 
cyanotic facial discoloration without telangiectases, 
such as have occurred in some patients. This dis- 
coloration became even more striking during at- 
tacks of intense purple-red flushing of the face, 
neck, and extremities. Episodes of flushing 
occurred 10 to 20 times a day, lasted several 
minutes, and were accompanied by palpitations, 
nausea, abdominal cramps, and sensations of facial 
warmth and tingling of the skin. Tachycardia, 
tachypnea, and sweating were common during these 
attacks. Flushes usually occurred spontaneously 
but could be provoked by emotional stress, physi- 
cal exertion, and evacuation of the bowels, and 
could be aggravated by standing, but they were 
not induced by eating or by drinking whiskey. His 
average blood pressure was 112/72 mm. Hg lying 
and 100/70 mm. Hg standing. The heart was nor- 
mal. The liver was enlarged, firm, nodular, and not 
tender. The daily urinary excretion of 5-hydroxy- 
indoleacetie acid averaged 239 mg. (normal range, 
2 to 9 mg. per 24 hours). Arterial serum sero- 
tonin was 0.7 to 1.0 wg. per ml. 


Dr. Pace: I know that both you, Dr. 
Sehneckloth, and Dr. Dustan personally re- 
ceived infusions of serotonin and that you 
have observed the effects of such infusions in 
patients. Do your observations lead you to 
believe that the manifestations of the syn- 
drome are due to excessive amounts of circu- 
lating serotonin such as occur during serotonin 
infusion ? 

Dr. ScHNECKLOTH: That is difficult to 
answer. It is true that the levels of blood 
serotonin and urinary serotonin end-products 
in patients with carcinoid may show no close 
association with the severity of the clinical 
symptoms. There is also a large difference 
between the physiologic effects of hypersero- 
tonemia, which has been present for months 
and years, and the effects of serotonin infused 
in tolerated doses over a few hours at most in 
normal subjects. We know that patients with 
pheochromocytomas seem to tolerate concen- 
trations of circulating catechol amines, which 
would be fatal in one not adapted to their 
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presence. Similarly, it seems likely that pa- 
tients with the eareinoid syndrome circulate 
amounts of serotonin which a normal subject 
would not tolerate. Henee, it may be impossi- 
ble to make direct comparisons between the 
syndrome and the effects of serotonin infu- 
sions. Still, the evidence at hand supports the 
view that the manifestations of the syndrome 
in most patients are primarily attributable to 
hyperserotonemia. For example, massive 
quantities of serotonin are present in the 
tumors, and flushes and other aspects of the 
syndrome have been precipitated in some pa- 
tients by palpation of the tumor. Increased 
amounts of 5-hydroxyindoleacetie acid appear 
in the urine during periods of severe flushing. 
Moreover, the rapid intravenous injection of 
large doses (2 to 4 mg.) of serotonin in nor- 
mal, as well as in carcinoid subjects, will usu- 
ally induce moderate, at times intense, flushes 
accompanied by increased intestinal motility 
and bladder spasm. These changes, although 
less intense, resemble those occurring during 
spontaneous attacks observed in patients with 
carcinoid.!° 

Dr. Pace: I am inclined to agree with you 
that many, if not all, of the curious effects seen 
in the syndrome are due to elaboration of 
serotonin. There are important species differ- 
ences in responses to injections of serotonin. 
For example, in one species, the rat, large 
doses of the drug cause a cyanotic flush of 
the ears, nostrils, and paws that is similar to 
the carcinoid flush. Furthermore, in this re- 
gard, an injection of serotonin into rats causes 
brief initial hyperpnea followed by apnea ana 
succeeded sometimes by tachypnea.!! This 
initial respiratory stimulation would seem to 
depend on stimulation of the earotid artery 
and, probably, aortic chemoreceptors. Such 
stimulation may be the basis for the vaguely 
described respiratory symptoms—tachypnea, 
cough, wheezing, and asthma-like states noted 
in the syndrome. 

Dr. SCHNECKLOTH: The patient presented 
today exhibits marked tachypnea at the onset 
of every severe paroxysm of flushing. We have 
observed pronounced respiratory stimulation 
when large doses of serotonin are injected 
rapidly into normal subjects. 
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Dr. Pace: This patient showed no elinie: 
evidence of cardiac disease and cardiac cat! 
eterization also indicated no significant valv) 
lar lesion. Actually, none of the 6 patients \ 
have seen with this syndrome has shown ey 
dences of damage to the heart. What do y 
suppose is the mechanism of cardiae involy 
ment when it occurs? 

Dr. ScHNECKLOTH: Half, or even less tha 
half, of reported cases had no evident cardi: 
lesions. Hence it is not surprising that o 
small group of patients showed no signs « 
heart disease. Pulmonie stenosis is the mo: 
common finding, with sclerotic thickening © 
the cusps, often with*fusion of the commi: 
sures. The tricuspid valve may be affected ¢ 
well, with development of stenosis or insuffic 
ency. Endocardial fibrosis of the right atriun 
has also been reported, and there may b 
some degree of right ventricular hypertrophy 
The process is apparently restricted to th 
right side of the heart, except in the presenc 
of a patent foramen ovale when the mitra! 
and aortie valves may be affected. One might 
conceivably confuse the cardiac symptoms 
with those of cyanotic right-sided congenital 
lesions or of chronic pulmonary diseas: 
with polycythemia. The differential diagnosis 
is facilitated by the fact that carcinoid heart 
lesions usually develop late in the course o! 
the disease when other manifestations of the 
syndrome are present and recognizable. 

The lesions constitute a unique form 0! 
heart disease and consist of subendothelia! 
accumulations of fibrous tissue, rich in mas! 
cells and free of elastic fibers.'* One can on! 
speculate as to their pathogenesis, since the 
have not been reproduced experimental! 
Two possible mechanisms have been suggeste 
The one is hemodynamic and is based on t! 
fact that serotonin is a potent pulmona 
vasoconstrictor that considerably increas 
pulmonary vascular resistance and pulmona! 
artery pressure when injected into dogs 
man. Bouts of pulmonary hypertensi: 
during flushing attacks might place repeat: 
sudden strains on the right heart and th 
account for subendocardial fibrosis limit: 
to the right side of the heart. This explan: 
tion seems inadequate because, if it we 
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alid, then similar lesions should be found 

: people with primary pulmonary hyper- 
ension, and this is not true. A second pos- 
ibility is that serotonin, as such, has a direct 
iroliferative action on fibrosis tissue. A sub- 
tantial quantity of free circulating serotonin 
resent in mixed venous blood is probably 
lestroyed as it perfuses the lungs; indeed, 
uulmonary perfusion of defibrinated blood is 
ie of the classical technics used to rid it of 
asoconstrictor material. Hence, the right side 
if the heart would be exposed to a relatively 
igh concentration of serotonin, whereas the 
eft would be spared. This chemical explana- 
ion of the fibroplasia would also be consistent 
vith the occurrence of fibrous lesions in the 
eft atrium in cases presenting a patent fora- 
nen ovale and with a case that has been re- 
worted in which there were pulmonary me- 
astases and minimal aortic and mitral fibrous 
lesions. The hemodynamic coneept would not 
weount for either of these situations. How- 
‘ver, an appreciable difference between sero- 
tonin levels in mixed venous and arterial blood 
lias not been consistently found. The only 
positive evidence that would support this see- 
md concept is the fact that repeated subcu- 
taneous injections of serotonin cause a non- 
iflammatory dermal fibrosis in rats, although 
ven with heroic doses the cardiac lesions have 
not been reproduced. Also prolonged admin- 
stration of 5-hydroxytryptophan in rats has 
wen unsuccessful in reproducing lesions in 
he heart. 

Dr. Pace: I note that this patient was 
ormotensive when supine and had a slight 
‘egree of hypotension when standing. I make 
point of this because many physicians con- 


‘ive of serotonin as a potent vasopressor 
vent and consider hypertension a part of the 
ircinoid syndrome. Actually, hypertension is 
ifrequent and probably coincidental when it 
curs. This is not surprising, since there are 


arked species and individual variations in 
e blood pressure responses to serotonin. In 
an, single intravenous injections of sero- 
nin may have a pressor, depressor, or bi- 
‘asic effect on arterial pressure and infu- 
ms of serotonin have no noteworthy effect. 

Dr. SCHNECKLOTH: Slight to marked falls 
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in blood pressure are often associated with 
the flushing attack and even syncope may 
oceur. In this patient, lowering the arterial 
pressure by tetraethylammonium chloride or 
sodium nitroprusside was invariably followed 
by attacks of flushing. Further, his pressure 
fell on standing and, standing, particularly 
during a flush, appeared to intensify the flush. 
This sequence suggests that hypotension, 
either directly or indirectly, stimulates the 
tumor to liberate increased amounts of sero- 
tonin into the blood. 

Dr. Pace: Are there noteworthy extracar- 
diae vaseular changes associated with sero- 
tonin or with the carcinoid syndrome ? 

Dr. A. C. Corcoran: The effect on renal 
function has been an area of major concern 
among experimentalists. Some believe that 
serotonin is a very potent antidiuretic agent. 
We were only able to demonstrate an anti- 
diuretic effect with comparatively large doses 
in rats. During osmotic diuresis in both rats 
and dogs,'*: 14 there seemed to be no direct 
effect of this agent on the mechanism of water 
reabsorption. In sufficient dosage in rats 
serotonin causes a definite antidiuresis de- 
pendent on a decrease in glomerular filtration 
rate. Still larger doses evoke an intense and 
persistent renal vasoconstriction with oliguria 
or anuria and focal cortical necrosis. Others,’ 
using very large amounts of serotonin found 
that it caused diffuse renal cortical necrosis. 
Hence, the renal function of this patient 
would be of interest. Further, is anything 
known about the presence of renal lesions in 
patients with the carcinoid syndiome? 

Dr. SCHNECKLOTH: Curiously, no particu- 
lar point has been made in published reports 
as to either the renal function or the possi- 
bility of renal lesions in such patients. Some 
patients have noted consistent decreases in 
urinary volume in association with flushing 
attacks and one of our patients whose major 
symptoms were intestinal, with repeated bouts 
of obstruction, showed oliguria during these 
attacks. The patient we have now under dis- 
eussion has a renal plasma flow of only 198 
ml. per minute (normal about 700 ml. per 
minute) and a glomerular filtration of 67 ml. 
per minute (normal 120). Another of our 
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patients, with much less severe disease, also 


showed decreased renal function with a renal 


plasma flow of about half normal. A. slight 
decrease in renal plasma fiow has been ob- 
served in normal subjects given serotonin in 
sufficient dosage. IHence, it seems reasonable 
to attribute the depression of renal function 
in these 2 patients to their hyperserotonemia. 
The renal ischemia present in these patients 
was not associated with hypertension, pro- 
teinuria, abnormal urinary sediment, or de- 
fective concentrating power. 

Dr. Corcoran: The fact that renal cortical 
necrosis has never been observed in these 
patients may be attributed to their presumed 
tolerance to the effects of high concentrations 
of circulating serotonin and, since it has only 
been elicited in rodents, it may represent 
some difference in species susceptibility to this 
lesion. Still, it is curious that, as far as I 
know, no lesions have been found in the kid- 
neys of patients dying of this disease. In our 
rats, we found that we could inhibit or even re- 
verse the disturbance of renal function caused 
by infused serotonin by giving sufficient doses 
of a serotonin antagonist, bromo-lysergic acid 
diethylamide (bromo-LSD). However, by giv- 
ing still larger doses of serotonin, the renal 
vasoconstriction beeame irreversible and was 
associated with foeal cortical necrosis. Neither 
of the 2 patients whose renal functions were 
studied showed any increase in renal plasma 
flow when given this antagonist in tolerated 
dosage. Either, like the rats, the vasoconstric- 
tion was irreversible, or, as seems more likely 
from the absence of other evidences of renal 
(lisease, there was actual loss of renal tissue 
and, I should suppose, focal necrosis and scar- 
ring. The other clinical situation in which 
serotonin has been implicated in a renal dis- 
ease is in the renal cortical necrosis associated 
with abruptio placentae, in which an assumed 
hyperserotonemia is associated with shock 
and hypotension. 

Dr. Pace: The metabolic conversion to sero- 
tonin is normally a minor pathway in the 
degradation of tryptophan. Is there any dis- 
turbance of tryptophan metabolism in the 
carcinoid syndrome ? 


CLINICAL CONFERENCE 
Dr. SCHNECKLOTH : Sjoerdsma = and 
others,'® '* at. the National Heart Institute, 
have shown that normally only 1 per cent of 
ingested tryptophan is converted to urinary 
»-hydroxyindoles, including serotonin and its 
metabolites. Functioning careinoid tumors. 
possibly by reason of their having high con- 
centrations of amino acid decarboxylase and 
low concentrations of amine oxidase, are 
equipped for rapid, steady production of sero- 
tonin. This production is almost independent 
of tryptophan feeding. It can use up as 
much as 60 per cent of available circulating 
tryptophan, on which the tumor evidently has 
a high priority. This avidity of the tumor for 
tryptophan is met only at the expense of 
other tryptophan requirements for protein 
synthesis and formation of nicotinic acid. 
Patients with the syndrome who have low pro- 
tein intakes may be expected to show evi- 
denees of protein deficiency; pellagra-like 
symptoms have been reported. The possibil- 
ity of deficiency is chemically confirmed by 
the fact that some patients have been shown 
to have low concentrations of fasting plasma 
tryptophan and of urinary N’-methyl-nico- 
tinamide. None of our patients has exhibited 
signs of nicotinic acid deficiency. This we 
attribute to the fact that the supply of trypto- 
phan in the average American diet is 5 to 10 
times the minimal daily requirements. How- 
ever, patients with advanced disease and 
chronic diarrhea may well have inadequat: 
net protein assimilation and thus go into a 
state of tryptophan and nicotinic acid defi 
ciency. 

Dr. Pace: You mentioned this patient’s 
urinary output of 5-hydroxyindaleacetic¢ acid 
What is 
the significance of this determination ? 

Dr. SCHNECKLOTH:: It represents an outpu 
of more than 20 times the normal. This ranges 


as averaging some 200 mg. daily. 


from 2 to9 mg. Such an increase is biochem 
ical evidence of extensive, functioning tumo 
masses with a high rate of serotonin produc 
tion. A survey of numerous disease states ha 
revealed none other than the careinoid syn 
drome in which there occur large increases 1! 
the excretion of 5-hydroxyindoleacetic acid 











Increased outputs have been described as a 
sequel to feeding bananas and slight increases 
have been reported in urines of patients with 
cancers of the larynx and trachea. The test 
seems therefore pathognomonic for function- 
ing carcinoid. Since the quantitative assay 
is somewhat tedious, simple screening tests 
have been deseribed which are reliable in 
cases whose rates of excretion are of the order 
of 40 mg. daily. We have seen 1 asympto- 
matic patient with liver metastases in which 
the sereening test was negative, but quantita- 
tive measurements showed consistent, small in- 
creases in output, which ranged from 12 to 
14 me. daily. 

It seems likely that some carcinoid tumors 
liberate indoles other than serotonin, since 
the urine of some patients contained large 
quantities of 5-hydroxytryptophan.  Interest- 
ingly, some of these individuals had, in addi- 
tion, large increases in blood and urine hista- 
mine presumably due to the histamine-releas- 
ing effect of serotonin. Further, the flush in 
some of these cases lacked the usual cyanotic 
hue, was more typical of a histamine flush, 
and seemed benefited by antihistaminie drugs. 

Dr. Pace: What is the prognosis of earei- 
noid tumors and how can they be treated ? 

Dr. ScHNECKLOTH: The immediate progno- 
sis of the patient, even in the presence of a 
metastatic, inoperable carcinoid tumor, is not 
necessarily bad. Carcinoids grow slowly and 
there are reports of patients living 20 years 
To the 
‘xtent that the oecurrence of the syndrome 


after the recognition of metastases. 


implies widespread metastases, it is a late 
nanifestation of the disease and death might 
soon be anticipated. Actually, patients have 
survived for prolonged periods of time, dis- 
ibled only by their attacks of flushing and 
liarrhea. 

Unfortunately, there has been little to offer 
hese people in the way of therapy. <A diet 
ich in protein and niacin is probably helpful. 
tadiation is ineffective. Surgical excision of 
ie primary tumor and of accessible metastases 
‘ probably advisable in patients who do not 
shibit the syndrome. In patients with fune- 

oning tumors and extensive metastases, there 
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may be a distinct hazard involved in surgery. 
Sudden death at the time of operation has 
been reported and can be attributed to force- 
ful release of lethal amounts of serotonin dur- 
ing excessive manipulation of tumor tissue. 

Dr. Pace: There has been a great deal of 
investigation in the past few years of chemical 
substances that act as serotonin antagonists. 
Some of these substances are competitive 
antimetabolites. These combine with  sero- 
tonin receptor sites by virtue of their struc- 
tural resemblance to serotonin, thus prevent- 
ing serotonin itself from acting. Other an- 
tagonists have no structural relationship to 
serotonin and may act more directly in bloek- 
ing one or more actions of serotonin. It was 
hoped that some of these might relieve the 
disabling symptoms of the carcinoid syndrome 
in inoperable patients. 

Dr. SCHNECKLOTH: Our experience has 
been disappointing. A number of substances, 
such as BAS, a benzyl analog of serotonin, 
and bromo-lysergic acid diethylamide, al- 
though potent antagonists in vitro, were com- 
pletely ineffective in the treatment of patients. 
Chlorpromazine seems to be partially effee- 
tive in controlling symptoms. It does not 
affeet 5-hydroxyindoleacetic acid excretion 
but often relieves flushes and abdominal dis- 
comfort. It is quite likely that other more 
potent serotonin antagonists will become 
available for therapeutic trial in the future. 
Theoretically, a substance that would specifi- 
cally inhibit serotonin production by the 
tumor itself might be more effective therapeu- 
tically than blocking the effects of serotonin 
in the peripheral tissues. Such an agent 
would have to block either tryptophan 5-hy- 
droxylation or the highly specific 5-hydroxy- 
tryptophan decarboxylase. 

Dr. Corcoran : In view of the probable large 
significance of serotonin in mental and nervous 
functions and its possible participation in the 
neuropharmacology of such agents as reser- 
pine, lysergic avid diethylamide, and ipronia- 
zid, it is interesting that these patients show 
no clear-cut evidences of nervous dysfunction. 

Dr. Pace: That is attributable to the fact 
that serotonin does not easily pass the blood- 



































































































































































































































brain barrier. Hence, the hyperserotonemia 
of patients with the carcinoid syndrome has 
no significant central nervous effect, although 
such would be anticipated if monoamine oxi- 
dase activity were impaired, as by administra- 
tion of iproniazid. 

Dr. SCHNECKLOTH: In summary, we have 
described various aspects of a syndrome, only 
recently recognized, in which metastatic car- 
cinoid tumors function as endocrine tumors, 
liberating serotonin and, in some _ patients, 
other agents. Most of the manifestations in 
typical cases can be attributed to hypersero- 
tonemia. The mechanism of the associated 
heart disease is not clear except as serotonin 
may be a sclerotogenie agent. The condition 
is recognized from its constellations of signs 
and symptoms and by screening or quantita- 
tive examinations of urine for 5-hydroxyin- 
doleacetic acid. The course of the disease is 
prolonged. Chlorpromazine may give some 
symptomatic relief. The natural history of 
this disease is still not fully understood. Since 
the carcinoid syndrome is one of nature’s bi- 
zarre and potentially very informing experi- 
ments in metabolism and pharmacology, the 


detailed study of each one of these patients 


seems more than justified. 
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ATHEROSCLEROSIS 
Bragdon, J. H.: On the Composition of Chyle 

Chylomicrons. J. Lab. & Clin. Med. 25: 564 

(Oct.), 1958. 

The eysternae chyli of rats placed in restrain- 
ing cages were cannulated in order to study the 
composition of chyle chylomicrons which were 
eparated by ultra centrifugation. Analysis of 
lipid composition of chylomicrons showed that 
the feeding of cholesterol led to a 3-fold increase 
in the cholesterol content of the chylomicrons as 
compared with chyle from animals fed a similar 
diet without the cholesterol. Feeding of large 
smounts of lecithin did not raise the coneentra- 
tion of phospholipids, indicating that practically 
wll of the phospholipids fed were hydrolyzed in 
the intestine and that their fatty acids appeared 
is triglyeerides in the chylomierons. Chylomi- 
rons obtained from rats absorbing olive oil con- 
ained approximately 0.5 per cent protein, which 
‘ould not be redueed by repeated washings 

ith physiologie saline, indicating that  pro- 
cin was an integral part of the chylomicron. 
‘ollowing the feeding of radioactively labeled 
ino acids, the protein in the chylomicrons 
owed high specifie activity in the first hour 
iggesting that at least some of the chylomicron 

otein was synthesized in the intestinal wall. 


MAXWELL 


redrickson, D. S., McCollester, D. L., and Ono, 
K.: The Role of Unesterified Fatty Acid Trans- 
port in Chylomicron Metabolism. J. Clin. In- 
vest. 37: 1333 (Oct.), 1958. 

Kxtending previous studies of fatty acid me- 
holism, the authors determined the rates of 
idation and plasma turnover at C' palmitie 
id administered intravenously to dogs as either 


chylomicron triglyceride fatty acids (TGFA) or 
as albumin-bound  unesterified fatty acid 
(UFA). Analysis of specifie activity in both 
plasma fatty acids and expired carbon dioxide 
showed that palmitate oxidation proceeded at 
similar rates following administration as either 
TGFA or albumin-bound UFA. Specific activity 
data and derived fluxes of radioactivity in both 
plasma as UFA and expired air as carbon di- 
oxide showed that all chylomicron TGFA was 
not retransported to blood as UFA prior to oxi- 
dation. It was inferred that approximately one 
half of the TGFA was directly oxidized without 
first appearing in the UFA fraction of plasma 
lipid. The authors believed that chylomicra 
represented a plasma vehicle for transport of 
fat which was directly available for oxidation. 
Comparison of data from animals given a high 
earbohydrate diet with that from dogs fasted 
prior to fatty acid infusion showed that ecarbo- 
hydrate feeding decreased both the oxidation 
of TGFA and the amount of UFA appearing in 
the blood after administration of TGF A, although 
the time of appearance of labeled UFA was un- 
related to the previous diet. 


FREEDBERG 


Goldner, M. G., and Vallan, L. E.: Marked and 
Sustained Blood Cholesterol Lowering Effect 
by Medication with Niacin and Pyridoxine. 
Am. J. M. Se. 236: 341 (Sept.), 195s. 

A sustained reduction of the serum cholesterol 
levels in a group of 53 patients with hyper- 
cholesterolemia was obtained with a combination 
of niacin and pyridoxine. The dose of each 
vitamin administered during a 10-week period 
was 3 Gm. daily in combination. The effeet was 
obtained in those with familial or idiopathic hy- 
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percholesterolemia as well as those with diabetes 
and myxedema. Dietary fat restriction was not 
essential indicating that endogenous cholesterol 
metabolism was affected. A protein intake of 
100 Gm. daily was provided to avoid liver 
damage and no alteration in liver function tests 
was observed. The side effeet of flushing was 
combated with aseorbie acid, reserpine and Met- 
razole with some improvement, however, 15 pa- 
tients refused continuation of the medication 
after 1 week. Nausea and vomiting were pre- 
vented by taking the tablet after meals. In 
20 patients completing the 10 weeks of treat- 
ment the serum cholesterol fell from an average 
of 338 mg. per 100 ml. to 203 mg. per 100 ml. 
Upon discontinuing the drugs, the serum choles- 
terol values rose to pretreatment levels. The 
mechanism of action was not known although it 
was suggested that niacin has some effect upon 
the clearing factor of the blood and upon lipid 
transport. 
SHUMAN 


Bronte-Stewart, B.: The Effect of Dietary Fats 
on the Blood Lipids and Their Relation to Is- 
chaemic Heart Disease. Brit. M. Bull. 14: 243 
(Sept.), 1958. 

Currently, dietary fat is commonly implicated 
in the production of ischemic heart disease. The 
authors aceepted the thesis that the level of 
serum cholesterol may be associated with a high 
intake of fat foods. However, the hypothesis 
that ischemie heart disease resulted from a dis- 
turbance in fat metabolism was founded more 
on assumption than facet. Other factors, such as 
genetics and environment, were probably equally 
important. Nevertheless, of all variables in our 
life which we ean control, the dietary fat ean 
best be related to the disease process. Much of 
the accumulated data that related a fat diet to 
ischemic heart disease by pathology, metabolic 
studies, and epidemiology were reviewed. The 
author suggested caution in literal interpreta- 
tion of these data. 

KRAUSE 


Boyd, G. §., and Oliver, M. F.: Hormonal Con- 
trol of the Circulating Lipids. Brit. M. Bull. 
4: 239 (Sept.), 1958. 

The authors reviewed the possible role of the 
hormones on cireulating lipids. They stress cau- 
tion in transferring data obtained through ani- 
mal experiments to those of the human. As a 
representative lipid, they discussed those factors 
that raised and lowered the level of blood cho- 


lesterol. For example, menopause, pregnaney, 


diabetes, myxedema, bilateral ovarieetomy and 
androgens raised the blood cholesterol, whereas 


ABSTRACT: 


thyrotoxicosis, ACTH, cortisone, thyroxine, an 
estrogens lowered it. The concentration of cin 
culating lipids was dependent upon changes j 
hepatie-cholesterol biosynthesis, degradation an 
exeretion, interchanges between the plasma an 
the interstitial fluid, and changes in the plasm 
volume. Hormones may affect the concentratio 
of the cireulating lipids by influencing any « 
these parameters. At present, it was conclude 
that there was insufficient evidence to reach an 
definite conclusions concerning the mechanis: 
of the effect of any hormone on the cireulatin 
blood lipids. 

KRAUSE 


French, J. E., Morris, B., and Robinson, D. S. 
Removal of Lipids from the Blood Strean 
Brit. M. Bull. 14: 234 (Sept.), 1958. 

Lipids are for the most part insoluble in wate 
and in the blood they are linked with protein 
as eomplex water-soluble molecules  (lipopro 
teins) and as emulsion particles (chylomicrons 
The 2 main elasses of lipoproteins are alpha an 
beta lipoproteins. Chylomicrons consist chiefl 
of triglyceride, but they also contain a sma! 
proportion of cholesterol and phospholipid, an 
in the blood they are apparently stabilized by 
surface layer of protein. In general, lipoprotein 
are removed from the blood through the eapil 
lary membranes. The permeability of the ea; 
illaries varied for the different lipid complexe: 
Since beta lipoprotein particles are larger than 
alpha, it is likely that the eapillary membrane 
is less permeable to them. At certain sites, cell 
in contact with the blood, such as retieuloendo 
thelial cells or possibly hepatie parenchymal 
cells may be able to take up lipids directly. 
When heparin was injected into the blood there 
was an increase in the concentration of unesteri 
fied fatty acid in the blood and this was asso 
ciated with an inereased rate at which ehyl 
microns were removed from the cireulation. Tl 
latter apparently was accomplished by the pr 
duction of an enzyme which hydrolyzed chy 
micron lipid. This phenomenon was responsible 
for the “heparin-clearing” reaction. Unesteri 
fied fatty acids oceurred in the blood as soluble 
complexes with the plasma albumin. These cor 
plexes were very readily removed from the blood 
through the capillary membranes. 

KRavst 


Cornforth, J. W., and Popjack, G.: Biosynthes s 
of Cholesterol. Brit. M. Bull. 14: 221 (Sept 
1958. 

During recent years attention has been dray 
to the association of cholesterol and polyetheno | 
fatty acids and to the possible connection | [ 
these esters to the pathogenesis of atherosele1 
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s. With the advent of radio-isotope technics, 
cetate has been shown to be a precursor of cho- 
‘sterol. Furthermore, more recently data have 
emonstrated that at least 2 substances are 
meerned in the intermediate phase between 
cetate and cholesterol, namely: squalene and 
ievalonie acid. Exactly how mevalonate is 
vnthesized from acetate and how squalene is 
vnthesized from mevalonate remains to be dis- 
vered and is in the process of investigation. 


KRAUSE 


iltschul, R., and Hoffer, A.: Effects of Salts of 
Nicotinic Acid on Serum Cholesterol. Brit. M. 
J. 2: 713 (Sept. 20), 1958. 

Nicotinie acid (niacin) in relatively large 
oses ean reduce the serum cholesterol in man 
nd rabbits. In rabbits it ean also inhibit the 
vroduetion of experimental cholesterol athero- 
‘lerosis. The reports on the toxicity of nicotinic 
acid were contradictory. However, it was 


pointed out that the high acidity of the com- 
pound rather than a specific action may be re- 
ponsible for the oceasional disturbances, such 
as the gastrointestinal reactions. Tests conducted 
on 12 healthy young individuals showed that a 
buffered solution of nicotinie acid was as effi- 
cacious as the pure nicotinic acid in decreasing 


the serum cholesterol. Hence, when nicotinic 
acid is poorly tolerated, a solution of nicotinic 
acid buffered with sodium bicarbonate (or so- 
dium and potassium bicarbonate) deserves to be 
tried. 

KRAUSE 


Solth, K., Kohl, R., Schettler, G., and Werthe- 
mann, A.: On the Statistics of Arteriosclerosis. 
Verhandlungen der Deutschen Gesellschaft fiir 
Pathologie 41: 64, 1958. 

Study of autopsy findings in 16,269 patients 
om Basel, Switzerland, and 5,836 patients from 
arburg, Germany, showed that age was the 
‘eatest single factor in the ineidence of gen- 
al atherosclerosis and coronary sclerosis, which 
came practically 100 per cent after the age of 
At the same age, this incidence was greater 
men than in women; the difference was great- 
under 50 years. Atherosclerosis involved the 
‘onary arteries more often in men than in 
men. At the same age, the incidence of athero- 
erosis. was greatest in patients with diabetes, 
vertension and gallbladder disease; smallest in 

se with malignancies, tuberculosis, and leuke- 
is. In Basel no differences were found in the 
idence of atherosclerosis during the war (1939- 

5) and after the war (1946-1953). A marked 

( vease during the war years, which were ac- 
‘ panied by deficiencies in alimentary fats, was 


previously found in Marburg in clinical observa- 
tions but this must vet be confirmed on a larger 
autopsy material. 

LEPESCHKIN 


Friedman, M., and Byers, S. O.: Source of Ex- 
cess Plasma Cholesterol in Phosphatide-In- 
duced Hypercholesterolemia. Am. J. Physiol. 
195: 185 (Oct.), 1958. 

Various tissues of the rat were analyzed for 
their cholesterol content during phosphatide-in- 
duced hypercholesterolemia. Rats prefed a 
sterol-free diet showed an inerease in cholesterol 
content of the liver and decreased cholesterol 
content of the adrenal gland at the peak of 
hypercholesterolemia. There was no change in 
the cholesterol content of other organs or tis- 
sues. In rats prefed excess cholesterol, a decline 
in liver as well as adrenal cholesterol oceurred 
with no discernable change in other tissues. It 
was postulated that induced hyperphospholipi- 
demia appears capable of mobilizing only stored 
or excess cholesterol from any tissue. 


KAYDEN 


Lewis, L. A., Page, I. H., and Kolff, W.: Serum 
Lipoproteins and Cholesterol Changes in Ne- 
phrectomized Dogs Maintained by Peritoneal 
Dialysis. Am. J. Physiol. 195: 161 (Oct.), 
1958. 

Low-density lipoproteins and serum choles- 
terol concentrations were increased in dogs after 
bilateral nephrectomy maintained by peritoneal 
dialysis. The high-density fraction, which is the 
major lipoprotein fraction in the normal dogs, 
decreased moderately. When a high-protein diet 
was fed, the lipid changes were accentuated. 
Blood pressure rose in all nephreetomized dogs, 
but there was no correlation between elevation 
of blood pressure and changes in concentration 
of cholesterol and lipoproteins of the serum. Ex- 
tensive arteriolar necrosis was present in many 
of the dogs at necropsy but this did not appear 
to be correlated with the changes in cholesterol 
and lipoproteins, except that the more marked 
changes occurred in high-protein-fed animals. 
No significant serum lipid changes were noted 
in starved dogs after 5 days. It was suggested 
that the postnephrectomy lipid pattern may be 
related to stimulation of adrenal activity. 


K AYDEN 


Caren, R., and Corbo, L.: The Degree of Unsat- 
uration of Plasma Lipid Fractions in Coronary 
Artery Disease. Am. J. M. Se. 236: 362 
(Sept.), 1958. 

The degree of saturation of the fatty acids 
of the various plasma lipid fractions of 8 normal 
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subjeets was compared to that of 7 patients with 
myoeardial infaretion. If a deficiency of unsatu- 
rated fatty acids predisposed to atherosclerosis, 
a significant difference in the iodine number of at 
least 1 lipid fraction should be detected. The 
results failed to demonstrate any significant 
difference in the iodine numbers of the plasma 
cholesterol esters, phospholipids, triglycerides, or 
unsaturated fatty acids in the group with coro- 
nary artery disease as compared to normal con- 
trols. This would indicate that the plasma fatty 
acids in respect to unsaturation were similar in 
the 2 groups. The theory that a deficiency of 
unsaturated fatty acids was of etiologic impor- 
tance in atherosclerosis was not supported by 
this study. 
SHUMAN 


Votila, U., Raekallio, J.. and Ehrnbrooth, W.: 
Goitre and Arteriosclerosis. Lancet 2: 171 
(July 26), 1958. 

Postmortem findings in 250 deaths from coro- 
nary sclerosis were compared to the findings in 
a group of 250 individuals of similar age and 6 
who had died of natural or violent causes. The 
thyroid gland weighed more and the incidence 
of goiter was greater in the group with coro- 
nary selerosis although no other endoerine organ 
was significantly different. Among these with 
coronary sclerosis those with goiter were heavier 
than those without goiter. The heart weighed 
more in the goitrous coronary sclerosis subjects 
than in the nongoitrous group. A pathogenetic 
relationship between goitre and arteriosclerosis 
through the possible role of hypothyroidism and 
increased thyrotropin production was postulated. 


KURLAND 


Roine, P., Pekraninen, M., Karvonen, M. J., and 
Kihlberg, J.: Diet and Cardiovascular Disease 
in Finland. Lancet 2: 173 (July 26), 1958. 
The epidemiology of cardiovascular disease in 

Finland was of special interest because the mor- 

tality rate of men from coronary disease was 

higher there than in any other European coun- 
try. To determine whether the higher incidence 
in East Finland as compared to West Finland 
was due to diet, food consumption was deter- 
mined by weighing, and the daily ealories and 
nutrients were calculated. Thirty-five per cent 
of daily energy was derived from the 98.9 to 
105 Gm. of daily fat which was similar in Kast 
and West, both in summer and winter. There 
was a higher consumption of bread, milk, but- 
ter, and fish in the East and of vegetables, mar- 
varine, and eggs in the West. More protein was 
consumed in the East, especially in summer. No 
significant statistical difference existed in the 
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intake of saturated fatty acids or poly-enes. 
Tn both areas, the intake of saturated acids com- 
pared to poly-enes was rather large. The intake 
of iodine, ascorbic acid, and vitamin FE was 
significantly larger in the West. 

KURLAND 


Keys, A., Karvonen, M. J., Fidanza, F.: Serum- 
cholesterol Studies in Finland. Lancet 2: 175 
(July 26), 1958. 

The surprising incidence of coronary disease 
in Finland, particularly East Finland, led to a 
field study of total cholesterol and alpha- and 
beta-lipoproteins in 869 healthy men in Helsinki 
and in 2 rural regions. The average total choles- 
terol in men in the populations studied in Fin- 
land was higher than thet of men studied else- 
where. The difference was due to the beta-lipo- 
protein fraction. At all ages and work grades, 
the averages were higher in East than in West 
Finland particularly over age 30. Environmental 
rather than hereditary factors seemed to be im- 
portant. The cholesterol level appeared to be 
somewhat related to the habitual level of phys- 
ical activity among men aged 40 to 44. Smokers 
tended to have higher cholesterol levels and 
lower blood pressures than nonsmokers. Women 
had higher levels of alpha-lipoprotein though the 
level of total cholesterol was similar to that 
for men. 

KURLAND 


Kallner, G.: Epidemiology of Arteriosclerosis in 
Israel. Lancet 1: 1155 (May 31), 1958. 
Extensive immigration to Israel has produced 

a population of diverse backgrounds permitting 
extensive epidemiologic investigation. For ar- 
terioselerotic heart disease, there was a distinet 
preponderance of people of eecidental over those 
of oriental origin, but this preponderance was 
absent or even reversed for vascular lesions of 
the nervous system. Similarly, men exceeded 
women in the ineidence of coronary localization 
but not of cerebral. It is suggested, tentatively, 
that coronary and cerebral arteriosclerosis may 
he 2 basically different phenomena. 


KURLAND 


BLOOD COAGULATION AND 
THROMBOEMBOLISM 


Toohey, M.: Clinical Experience with Warfarin 
Sodium. Brit. M. J. 2: 892 (Oct. 11), 1958. 
Warfarin was used to treat 175 patients wit! 

thromboembolic disease. It acted rapidly an 

95 per cent of all patients reached therapeuti: 

prothrombin levels in 36 hours. With daily dose 

of the drug adequate to maintain a therapeuti: 
prothrombin time the duration of action wa 
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about 36 hours. In large doses warfarin had a 
sustained effect up to 5 days. The authors rec- 
ommend 35 to 50 mg. for initial therapy. They 
found the average maintenance dose to be 9 mg., 
and 80 per cent of all patients were maintained 
on daily doses of 5 to 15 mg. Prothrombin time 
was rather easy to eontrol with warfarin both 
for short- and long-term therapy. Care must be 
taken to allow for its cumulative action. Veria- 
tions in daily dosage of as little as 0.5 mg. are 
suggested for optimum control of the antico- 
aculant effect. 

KRAUSE 


Jordan, F. L. J., and Punt, K.: The Problem of 
Interpretation of Results Obtained by Long- 
term Anticoagulant Treatment in Myocardial 
Infarction. Acta med. seandinay. 162: 137, 
1958. 

After discussing the many difficulties involved 
in the evaluation of results and the choice of 
patients in the long-term ambulatory anticoagu- 
lant treatment of myoeardial infaretion, the 
authors urged that some standard method for 
the expression of data be adopted so that the 
results of various series would be mutually com- 
parable. They presented a diagram and_ table 
used for this purpose which separated primary 
from reeurrent infarction and concerned itself 
with recurrences, thromboembolic complications, 
and deaths during short- and long-term therapy 
in both groups. In order to make the plan ap- 
plicable to varied periods of treatment, the re- 
sults were recorded for each 6-month period fol- 
lowing institution of treatment. 


F'REEDBERG 


Hanway, J. W.: Pulmonary Thromboembolism: 
An Analysis of 1€9 Autopsied Cases. New 
York State J. Med. 58: 2783 (Sept.-1). 1958. 
The author reviewed 169 eases of pulmonary 

embolism and infaretion. In 47 instanees pul- 

onary thromboembolism was the cause of death, 
in 26 it was a contributory cause, and in 96 it 
was an ineidental cause of death. In this par- 
ticular series, pulmonary embolism or infare- 
tion oceurred in 11.2 per cent of 1507 autopsied 
cases in a 6-year period. Sixty-five per cent of 
the patients eame from the medieal service and 
26 per cent from the general surgical service. 
ividence was presented to support the contention 
that this was a disease of the aged, especially 
the ecardiae patient or those with metastatic 
nalignant disease. In the surgical patient it was 
| particularly prominent problem in those who 
ind undergone laparotomy or lower extremity 
imputation, Pulmonary infaretion eomplieated 
mibolism in about one half of the eases, and 


about two thirds of the infarets were found in 
the lower lobes of the lungs. As in other studies, 
the author agreed that the source of the major- 
ity of pulmonary emboli was asymptomatie leg- 
vein thrombosis. When adequate study was ob- 
tained and the diagnosis of pulmonary embolism 
or myoeardial infarction was still in doubt, it 
was recommended that anticoagulant therapy be 
used (providing no contraindication to it ex- 
isted). It was conceded that an oceasional pa- 
tient without the disease may he treated with 
this regimen. 
KRAUSE 


Wroblewski, F., and Manso, E.: Effects of Cer- 
tain Anticoagulants on Serum Enzyme Ac- 
tivity. J.A.M.A. 167: 2163 (Aug. 20), 1958. 
The measurement of serum enzyme aetivity 

has been increasingly employed as an adjunet 
for the diagnostie confirmation of myoeardial 
infaretion. Several drugs may influenee such 
activity and among them are certain anticoagu- 
lants (ineludine bishydroxyeoumarin and ethyl 
biscoumacetate). When such drugs are used in 
patients in whom diagnostic enzyme levels are 
obtained, cognizance must be taken of the po- 
tential hepatie effect of the anticoagulants and 
the reflection of this phenomenon in alteration 
of serum transaminase and lactic dehydrogenase 
activity. 


IKKITCHELL 


McDonald, G. S., and Fullerton, H. W.: Effect 
of Physical Activity on Increased Coagula- 
bility of Blood after Ingestion of High-fat 
Meal. Lancet 2: 600 (Sept. 20), 1958. 

The hypothesis that the incidence of coronary- 
artery disease is inversely related to the general 
level of physical activity was studied by measur- 
ing the effect of activity on the inerease in the 
recalcified-plasma-elotting (R.P.C.) time which 
follows ingestion of a high-fat meal. The R.P.C. 
time at 3144 hours after a fat breakfast was 
significantly shorter than the fasting value while 
the subjects were sedentary. This significant 
shortening was abolished as the result of mod- 
erate exercise. The fasting R.P.C. time was 
shorter, and its reduction after 85 Gm. of fat 
was greater in convalescent-ward patients than 
in sedentary students. 


KURLAND 


Dessau, F. I., Klein, S., Lipchuck, L., O’Grady, 
J., and Tsalikis, J.: Heart Lesions in Mice 
Caused by Treatment with Bishydroxycou- 
marin (Dicumarol). J. Pharmacol. & Exper. 
Therap. 124: 182 (Oct.), 1958. 

Myoearditis with neerosis and hemorrhage was 


produced in the hearts of miee by adding Di- 
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ecumarol to either purified or pellet diets at 
levels of from 40 to 200 mg. per Kg. diet. Vita- 
min E supplements to the diet did not modify 
this effect of Dieumarol, but it was prevented by 
vitamin K, at 2 times or Menadione at 8 times 
the dietary level of Dicumarol. 


RINZLER 


Carter, S. A., McDevitt, E., Gatje, B. W., and 
Wright, I. S.: Analysis of Factors Affecting 
the Recurrence of Thromboembolism off and 
on Anticoagulant Therapy. Am. J. Med. 25: 
43 (July), 1958. 

The records of 90 patients who were followed 
for at least 6 months off and 6 months on ther- 
apy were analyzed to assess the benefit of anti- 
coagulant therapy and the clinical factors asso- 
ciated with its failure. Although a marked re- 
duction in the reeurrence rate of thromboembo- 
lism during anticoagulation was confirmed, a 
statistically significant effect was not demon- 
strable by the chi-square test in individual pa- 
tients unless they had been treated for 2 years 
or exhibited a strong thrombotic tendency off 
therapy. Thromboembolism was more likely to 
oceur during anticoagulant therapy in patients 
with marked impairment of cardiac function evi- 
denced by congestive heart failure, atrial fibril- 
lation, and double mitral lesions. Even in the 
group with heart failure, there was a marked 
reduction in the rate of thromboembolism dur- 
ing therapy. The danger of reeurrent thrombo- 
embolism was highest shortly after a previous 
episode and diminished to a steady level after 
the first 6 weeks. It was therefore reeommended 
that all patients with 1 embolie episode due to 
rheumatic heart disease be given at least a 6 
weeks’ course of anticoagulants. Since there was 
an increased tendeney to thromboembolism with- 
in 6 weeks after stopping anticoagulants, the 
prothrombin level should be lowered gradually 
when therapy is to be discounted. 


KURLAND 


CONGENITAL ANOMALIES 


Wood, P.: The Eisenmenger Syndrome. Brit. M. 

J. 2: 701 (Sept. 20), 1958. 

The author defined the Eisenmenger complex 
in the light of present knowledge as pulmonary 
hypertension at systemic level, due to a high 
pulmonary vascular resistance (over 800 dynes 
see./em.°), with reversed or bidirectional shunt 
through a large ventricular septal defect (1.5 to 
3 em. across). As a syndrome he widens his 
concept to include a shunt at any level and then 
lists 12 causes of the syndrome. These are 
patent ductus arteriosus, aortopulmonary septal 


ABSTRACT 


defect, persistent truneus arteriosus, transpos 
tion of the great vessels (with ventricular sept: 
defect), single ventricle, ventricular septal d 
feet, common atrioventricular canal or persister 
ostium primum, single atrium, atrial septal d 
feet, hemianomalous pulmonary venous drain 
age, total anomalous pulmonary venous drainag 
and eorrected transposition (with ventricul: 
septal defect). As defined in his paper tl 
incidence of the Eisenmenger syndrome was 

per cent of the first 1,000 cases of congenit: 
heart disease in his series. All patients wit 
Eisenmenger syndrome had eyanosis, elubbin; 
polyeythemia, and effort dyspnea, usually datin 
from infaney or early childhood. Reeurrent hi 
moptysis began in adult life and ean prov 
fatal. If patients survive other risks, such a 
cerebral abscess, bacterial endocarditis, and il! 
advised surgical intervention, they suceumbe 
finally to heart failure, usually in the fourt 
or fifth decade. Physical signs common to al 
include a small or normal pulse, normal venou 
pressure, with or without slight dominance o 
the a waves, an impalpable left ventricle, an: 
a slight or moderate lift over the right ventric): 
and pulmonary artery. On auscultation a low 
pulmonary click followed by a short pulmonar: 
systolie murmur, a palpable and sharply ae 
cented pulmonary component of the second 
heart sound, and often a loud pulmonary di 
astolic murmur ean be heard. The characteristic 
venous pulse and auscultatory signs of tricuspid 
incompetence may complicate the picture. The 
electrocardiogram shows a normal or rathe1 
prominent P wave and usually moderate or con 
siderable right ventricular preponderance. X 
rays revealed conspicuous dilatation of the pul 
monary artery, slight to moderate cardiac en 
largement (chiefly of the right ventricle), and 
peripheral vascular markings that are usually 
oligemie, but which may be normal or even 
slightly plethorie. 


IWRAUSE 


CONGESTIVE HEART FAILURE 
Jaenike, J. R., and Waterhouse, C.: The Nature 
and Distribution of Cardiac Edema. J. La! 

& Clin. Med. 52: 384 (Sept.), 1958. 

Patients with congestive heart failure accor 
panied by gross peripheral edema, hepatic co 
gestion, and venous hypertension with failu 
due to rheumatic, arteriosclerotic, or hyperte 
sive heart disease were studied. All patien 
were on a metabolic balance ward where mea 
urements of water, sodium, potassium, chlori 
and nitrogen were performed. All patients 1 
ceived a low-sodium diet and digitalis, and 
tain of the patients received Thiomerin wh 
the others received no additional diuretic th 
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iy. Sodium, potassium, chloride, and nitrogen 
‘re analyzed in diet, urine, and stools; changes 
extracellular fluid were caleulated from 
loride space, and in those subjects studied 
dy water was determined by deuterium dilu- 
m before and after diuresis. In all patients 
udied with or without additional diuretic ther- 
iy, chloride space contraction approximated 
tal water loss, indicating an _ insignificant 
iange in the cellular water compartment dur- 
» diuresis. In those subjeets showing spon- 
neous diuresis and in those who responded 
adily to mereurial diuretics with a loss of 
oss edema, the ratio of sodium to chloride ex- 
«dled unity. However, in those patients in whom 
suboptimal response to diuretic therapy oe- 
irred and who never became entirely edema 
ee, chloride loss exceeded sodium loss. This 
itter group was clinically felt to have more 
‘vere and advanced heart disease and had pre- 
iously been partially or completely refractive 
{o eonventional forms of treatment. No econ- 
istent pattern of potassium metabolism could 
he established throughout the entire patient 
vroup. Nitrogen balances were also variable. No 
uniform eellular eation shifts could be demon- 
trated during diuresis. In those subjects in 
whom loss of cell potassium occurred, there was 
i reciprocal shift of sodium into the cells. In 
ihe majority of subjects the caleulated decrease 
in total eation exceeded the observed negative 
hulanee, a finding interpreted by the authors as 
evidence of eation binding or osmotie inacti- 

ition, 

MAxwe.t 


CORONARY ARTERY DISEASE 
Gerlis, L. M.: Cutaneous Petechiae in Fatal Cor- 
onary Artery Disease. J. Clin. Path. 11: 391 
(Sept.), 1958. 
Seven instances are deseribed in which cu- 
neous petechiae were found at necropsy in 
tients who had died of acute coronary insuf- 
ieney. These petechiae were found to have 
curred in areas commonly associated with re- 
rred eardiae pain. Two of the 7 patients had 
en subjected to frequent clinical examinations 
fore death and in neither cases had cutaneous 
techiae been noticed. In 4 of the 7 patients 
‘re were hemorrhages directly related to the 
ronary arteries themselves; in 3 of these there 
re hemorrhages in the coronary adventitia, 
| direet involvement of the nerve elements 
y have played some part in the production 
vagospastie reflexes of the skin and coronary 
eries. In the fourth patient there was sub- 
imal hemorrhage in the wall of the coronary 
ery. 
MAXWELL 
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Glathe, J. P., and Achor, R. W. P.: Frequency 
of Cardiac Disease in Patients with Strokes. 
Proe. Staff Meet., Mayo Clin. 33: 417 (Aug. 
20), 1958. 

One hundred fifty-five patients with a primary 
diagnosis of central nervous system disease were 
analyzed. In 66 (43 per cent) of these patients 
the acute symptoms were ascribed to cerebrovas- 
cular disease. Of the 66 patients, 8 (12 per 
cent) had simultaneous acute myoeardial infare- 
tion associated with their illness; 3 had coneom- 
itant acute coronary insufficiency; 4 had other 
concurrent cardiae disease productive of emboli 
to cerebral arteries; and in 4 additional patients 
with cerebral symptoms there was a_ strong 
likelihood of associated acute coronary insuffi- 
ciency. It was rather surprising to find that of 
the 66 patients who had presenting symptoms 
of strokes, 15 (23 per cent) had associated acute 
eardiae disease. Henee, in all patients with the 
clinieal picture of cerebrovascular disease, it is 
important to be aware that not uncommonly ear- 
diae disease may be the mechanism primarily at 
fault. Prompt recognition of this situation with 
an aceurate diagnosis will enable specifie ther- 
apy to be employed and this may result in a 
more favorable prognosis for the patient. 


IKRAUSE 


Glotzer, S.: Symmetrical T-Waves in Myocardial 
Infarction. New York State J. Med. 58: 2667 
(August 15), 1958. ; 

The T wave is normally asymmetrical with a 
slow rising, ascending limb, and a more rapidly 
descending terminal portion. The veetor TsE 
loop showed this uneven angular velocity. Tall 
symmetrical T waves were often seen in the pre- 
cordial leads when myocardial infarction had oe- 
curred in the posterior, lateral, or inferior walis 
and could also occur in infaretions of the an- 
terior wall that extended to the lateral or di- 
aphragmatie surfaces of the heart. Although 
hyperpotassemia and certain gastrointestinal 
diseases may produce similar electroeardiograph- 
ic changes, these conditions can usually be dif- 
ferentiated clinically. The most acceptable rea- 
son for the production of a symmetrical T wave 
was a change in the direction of the vector TsE 
loop to a more anterior position when the pos- 
terior portion of the myocardium was injured. 
When ischemic S-T depression first appeared, 
the T wave often became symmetrical. It in- 
creased in amplitude during the healing phase, 
and could remain, often permanently, as the only 
sign after scar formation was complete. It was 
suggested, but not proved, that when the myo- 
-ardium was injured, potassium was released 
into the extracellular fluid, producing the same 
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eleetroeardiographie effect as hyperpotassemia. 
Ilowever, the base of the “hyperpotassemie T 
wave” was narrow as contrasted to the broad 
base of the “coronary T wave.” 

KRAUSE 


Szilagyi, D. E., McDonald, R. T., and France, 
L. C.: The Applicability of Angioplastic Pro- 
cedures in Coronary Atherosclerosis. Ann. 
Surg. 148: 447 (Sept.), 195s. 

In order to determine the feasibility of apply- 
ing direet surgical methods in the treatment of 
coronary artery disease, the coronary cireulation 
of 190 autopsied hearts was studied after injee- 
tion with a barium-glyeerine mixture. Occlusive 
coronary lesions were found in 114 hearts. Of 
this group 35 patients had had no elinieal mani- 
festations. Of the 79 patients with elinieal ar- 
terioselerotie disease, 23 had had angina pectoris 
as their sole or main elinieal manifestation. The 
earliest and most sharply loealized oeelusive le- 
sions were found in the subelinieal group and the 
most advanced and widespread involvement oc- 
curred in those patients with angina pectoris. 
Taking into consideration the topographie ac- 
cessibility of the lesions, as well as the luminal 
size and outflow characteristics of the main cor- 
onary branches, the rate of possibility of sur- 
eical palliation was judged to be 17 per cent in 
the subclinical group and 43 per cent in the 
¢linieal group, whereas the possibility of surgical 
curability was estimated to be 40 per cent in 
the subelinieal group and only 13 per vent in 
the clinieal group. This study pointed out the 
limited role of direct surgical procedures in the 
treatment of coronary atherosclerosis at the pres- 
ent time and indicated the need for a safe, re- 
liable method of coronary angiography in seleet- 
ing these few patients who may be helped by 
such surgery. 


SAGALL 


Reimers, H. F.: Contribution to the Study of 
Coronary Aneurysms. Zeitsch. Kreislaufforsch. 
47: 813 (Sept.), 1958. 

In a 78-year-old woman without cardiac 
symptoms, who died in hepatie coma, autopsy 
showed a fusiform aneurysm of the intermediate 
branch of the ramus descendens of the left cor- 
onary artery, about 20 mm. in eross section. The 
aneurysm was filled with a partly organized 
thrombus. The internal elastic lamina had prac- 
tically disappeared in the wall of the aneurysm, 
while the media contained numerous thin-walled 
blood vessels resembling those found in angio- 
mas. These findings were probably responsibie 
for the formation of the aneurysm. 


LEPESCHKIN 
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Malhotra, R. P.: Some Aetiological Aspects of 
Coronary Heart Disease. Brit. M. J. 2: 528 
(Aug. 30), 1958. 

Based on a study of 867 patients seen during 
1948-55, the Indian point of view on etiologic 
aspects of coronary heart disease was presented. 
Observations relative to age, profession, family 
history, body build, and the association with di- 
abetes and hypertension did not differ from 
those of the Western world. The sex ratio, too, 
was much the same as that deseribed by Western 
authors. Feminine immunity was no greater in 
India in spite of the fact that women lived a 
more sheltered and indoor life, that they were 
mostly vegetarian, and that addiction to alcohol 
and smoking was almost unknown to them. The 
fat content of the Indian diet was poor as com- 
pared with European sfandards. Consequently 
the authors doubted that dietary fats played a 
significant role in ¢ausing eoronary heart disease. 
Also, it was noted that vegetarians were no less 
prone to develop coronary disease, and the same 
was true of non-smokers. One-half of the pa- 
tients belonged to the Sikh community, whose 
religion forbids smoking. Obesity, long consid- 
ered in the etiology of coronary heart disease, 
was particularly evident in the female patients. 
The authors recognized that the standard oi 
vital statistics in India was not equal to that of 
the Western world. Henee, the true incidence 
of coronary heart disease was probably not ac- 
eurately known. However, coronary artery dis- 
ease was present in 867 cases or 28.4 per cent 
of 3,054 cardiac patients. The writers concluded 
that coronary disease was not uneommon in 
materially less favored countries such as India. 


IXRAUSE 


Thomas, A. J., Cochrane, A. L., and Higgins, T. 
T. T.: The Measurement of the Prevalence of 
Ischaemic Heart-disease. Lancet 2: 540 (Sept. 
13), 1958. 

The problems in developing technies for meas 
uring ischemic heart disease in unselected popu 
lations and ensuring comparability of the med 
ical indices were demonstrated in 2 surveys of 
ischemic heart disease made on a random sampl 
of miners and ex-miners and, for contrast, the 
inhabitants of an agricultural area. The popula 
tion at risk was a random sample of inhabitants 
enumerated by a private census. The diagnosis 
of ischemic heart disease was based on clinical. 
radiologic, and eleetrocardiographie evidence 
The last was most valuable but suffered fron 
technical difficulties and considerable difference 
of interpretation by independent cardiologists 
No significant difference between the 2 areas it 
prevalence of ischemic heart disease was proved 
Those persons diagnosed as having ischemi 
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ieart disease were taller and heavier than the 
thers. The siblings of men with ischemie heart 
lisease had a higher mortality than the siblings 
f the controls. There was no significant differ- 
nee in the mean serum cholesterol levels. 
KURLAND 


Gorlin, R.: Studies on the Regulation of the Cor- 
onary Circulation in Man. I. Atropine-induced 
Changes in Cardiac Rate. Am. J. Med. 25: 37 
(July), 1958. 

The effects of atropine ecardioacceleration on 
the coronary circulation were studied in 6 pa- 
tients. Coronary flow was measured by the ni- 
trous oxide desaturation method following 
catheterization of the coronary sinus. One to 
1.4 mg. of intravenous atropine sulfate increased 
the eardiae rate and, in parallel fashion, oxygen 
consumption. Coronary vascular diastolic resist- 
anee deereased, and coronary flow increased in 
proportion to the inerease in myocardial oxygen 
consumption, Atropinization produced virtually 
no other changes in hemodynamies once a steady 
state was reached. 

KURLAND 


Mihaly, J. P., and Whiteman, N. C.: Myocardial 
Infarction in the Negro. Historical Survey as 
It Relates to the Negro. Am. J. Cardiol. 2: 464 


(Oct.), 1958. 

The experience with myoeardial infaretion at 
the Harlem Hospital, New York City, from 
1950 through 1954 was reviewed. This diagnosis 
was suspected in 312 of 111,323 patient admis- 
sions and confirmatory data were available in 
152 of these. One hundred thirty-one were Negro; 
20 were Caueasian, the incidence ratio being 1:2 
respectively. Of the Negro patients, the average 
age was 58 vears and 52 per cent were men. 
Nighty-seven per cent described precordial pain 
accompanying the infaretion, which contrasts 
with a number of reports claiming that the Ne- 
-ro was less subject to eardiae pain than the 
Caueasian. The ease fatality rate was 47 per 
‘ent, which was probably heightened by the pres- 
nee of other heart disease or diabetes mellitus 
n 71 per cent of the whole Negro group. The 
uthors concluded that myocardial infarction in 
he Negro was similar in incidence and in c¢lin- 
cal charaeteristies to that oeeurring in the gen- 
ral population. 

RoGers 


schrire, V., and Uys, C. J.: Cardiac Infarction in 
the Bantu. Am. J. Cardiol. 2: 453 (Oet.), 1958. 

The rarity of cardiae infarction in the Bantu 

nd to a lesser degree in other native Africans 
as confirmed. Coronary atherosclerosis in the 
santu was even rarer, and adequate explanation 
this was lacking. Cardiae infaretion was 
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found in 3 of 188 adult Bantu autopsied in the 
1952-1956 period in 2 Capetown hospitals. The 
same number of cases was detected electrocar- 
diographieally during those 5 years in which 
there were 760 such instances in Europeans. Of 
the autopsied patients, 1 was a 40-year-old obese 
man who had angina pectoris for 3 months, then 
died suddenly from thrombosis of diffusely ath- 
erosclerotic coronary arteries. The other 2 pa- 
tients were men aged 39 and 45 years. Both had 
cardiac infarets apparently resulting from = in- 
sufficiency of nonatherosclerotie coronary ar- 
teries; 1 had severe hypertensive heart disease 
and the other had syphilitic aortie regurgitation 
and heart failure but no significant coronary os- 
tial narrowing. RoGers 


Wollheim, E., and Schneider, K. W.: On Hemo- 
dynamics After Myocardial Infarction. Areh. 
Kreislaufforseh. 28: 171 (July), 1958. 

In 77 patients with acute myocardial infare- 
tion, observed within the first 24 hours, the ae- 
tive blood volume has been measured. The blood 
volume was caleulated from venous hematocrit 
and Evans-blue dye dilution in samples obtained 
t to 9 minutes after injection. No systematie 
error has been found in previous independent 
studies comparing isotope tagging and dye-dilu- 
tion methods to measure the red cell mass. Other 
hemodynamic data included arterial pressure, 
direct venous pressure, and fluorescein or decholin 
circulation time; estimates of the cardiae output 
were obtained from the amplitude/rate product 
(Liljestrand-Zander) and also from simultaneous 
blood volume and cireulation-time determina- 
tions. In 70 of these patients a decrease in 
active circulating blood volume was found; 58 
of these had no evidence of eardiae failure; 35 
had also initial hemoconecentration, indicative of 
shock as defined by Wollheim; 23 were in simple 
hypovolemia. Actual circulatory collapse, with 
arterial pressure below 80 mm. Hg, was uneom- 
mon in myocardial infaretion. In 19 patients 
the venous pressure, was inereased, and the ecir- 
culation time prolonged, indicating mechanical 
cardiac incompetence: the blood volume was then 
increased in 7 patients (with decompensation) ; it 
remained low in 12 others (without deeompen- 
sition). Evidence of cardiac failure had very 
serious prognostic implications: mortality was 
80 per cent in this series. In the treatment 
of cireulatory failure those sympathomimetic 
amines were advocated that increased the eir- 
culating blood volume and had little hyperten- 
sive effieet; digitalis should be used only when> 
there is evidence of cardiac incompetence. Trans- 
fusions were less beneficial in these patients 
than in other patients with shock, and were po- 
tentially dangerous. In view of its effeet on 





aetive blood volume the armchair treatment was 
contraindicated. CALABRESI 


Lenegre, J., and Himbert, J.: The Anatomic Le- 
sions of Common Angina Pectoris Due to Cor- 
onary Atherosclerosis. Arch. Inst. de Cardiol. 
Mexico 28: 273 (May-June), 1958. 

In a total of 760 conseeutive autopsies of car- 
diae subjects, coronary atherosclerosis was 
found in 27.9 per cent: 70 of these 212 patients 
had had typieal angina pectoris without pre- 
longed attacks, except the terminal event in 35 
of them. Detailed maeroseopie study of the 
heart failed to show ecoronary artery occlusion 
in only 10 cases; 1 of the 3 main branches was 
occluded in 22 hearts, 2 in 20, all 3 in 18. Myo- 
cardial changes, absent in 15 specimens, were 
relatively small in 29, and large in 26: as some 
hearts had more than 1 large lesion, 30 infarcts 
were counted in this series. The average weight 
in 23 eases of pure coronary atherosclerosis of 
this series was 533 Gm.; therefore, pure athero- 
sclerosis may induce eardiae hypertrophy. An- 
gina of effort, pure or associated with other 
types of eardiae pain, was present in 148 of the 
total 760 autopsies: only 19 of them (12.8 per 
cent) did not have significant coronary athero- 
sclerosis. It was concluded that angina pectoris 
was usually due to coronary atherosclerosis; cor- 
onary ocelusion was common, although not al- 
ways present; myoeardial infaretion was _ fre- 
quently found at autopsy. Pathologie myoeardial 
changes were more s°vere in patients with spon- 
taneous angina than in those with pure effort 
awngina, but no great difference was noted. More 
than the type and circumstances of the painful 
episodes, the evolution of the disease suggested 
the degree of the arterial changes: more severe 
coronary and myocardial lesions were seen in 
cases with rapid evolution, in those of very long 
duration, and especially in patients with status 
anginosus (defined as frequent attacks of short 
duration). As all of these 70 subjects died of 
causes independent of coronary disease, and 
showed similar distribution of anatomie changes 
as the total group, it was tentatively inferred 
that the present series was representative of 
“ambulatory” patients with common angina. 

CALABRESI 


ELECTROCARDIOGRAPHY, VECTOR- 
CARDIOGRAPHY, BALLISTOCARDI- 
OGRAPHY, AND OTHER GRAPHIC 
TECHNICS 

Stein, I., and Weinstein, J.: High RS-T Take Off 
in Patients without Myocardial Infarction. 
New York State J. Med. 58: (July 1) 1958. 
Considerable elevation of the RS-T segment 

eccurs in pathologic states, such as acute myo- 
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eardial infarction, acute pericarditis, and ven- 
tricular aneurysm. Persistent elevation is also 
seen in the right precordial leads in association 
with intraventricular block, especially of the left 
bundle-branch type, and left ventricular hyper- 
trophy. Various investigators have placed em- 
phasis on the specific amount of elevation for it 
to be significant as well as on the contour of the 
are that is formed when the RS-T segment rises 
above the junction. The electrocardiographic 
sign of injury is a characteristic type of displace 
ment of the RS-T segment. This was thought to 
be due to failure of the injured zone to become 
depolarized when the muscle was _ stimulated. 
The excitatory wave was completely blocked at 
the boundary which separated the uninjured from 
the injured region. The latter, therefore, re- 
mained polarized and was positive with respect 
to the uninjured segment. The authors presented 
5 patients with the following electrocardio- 
graphie findings: prolongation of the QRS com- 
plex, considerable elevation of the RS-T seg- 
ments on the right side of the chest, inverted or 
diphasiec T waves over the right precordium, and 
no change in the pattern over a long period of 
observation. In none of these patients was there 
definite evidence of organic heart disease. One 
of the 5 died from a neurologie disorder and at 
autopsy had a normal heart. It has been sug- 
gested that this pattern may result from over- 
lapping of ventricular activation and recovery 
with simultaneous recordings of potentials due 
to depolarization and repolarization. This was 
manifested by the fusion of the terminal portion 
of the QRS complex with the initial portion of 
the ST-T complex. This was apparently due to 
prolongation of the depolarization proved by the 
right bundle-branch block, although an unusually 
early onset of repolarization may also play a 
role. 
KRavse 


Phillips, R. W.: The Electrocardiogram in Cor 
Pulmonale Secondary to Pulmonary Emphy- 
sema: A Study of 18 Cases Proved by Autopsy. 
Am. Heart J. 56: 352 (Sept.), 1958. 

In 18 autopsied patients with decompensated 
chronic cor pulmonale secondary to pulmonary 
emphysema, the electrocardiograms showed evi- 
dence of P-pulmonale in 20 per cent and right 
ventricular hypertrophy in 38 to 72 per cent, 
depending on the criteria employed for that elec- 
trocardiographie diagnosis. Study of these pa- 
tients also showed that in chronic cor pulmonale 
a pattern .of evolution of the electrocardiogram 
developed. The first and earliest stage showed no 
deviation from the normal electrocardiogram 
with the major electromotive force being di- 
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rected leftward and _ posteriorly. The second 
stage consisted in the development of a right- 
ward direction of the major electromotive force 
but with posterior orientation remaining. This 
change resulted in a rightward direction of the 
axis in the frontal plane and a prominence of S 
waves in the left precordial leads, but no prom- 
inent R waves in the right precordial leads. 
In the third and final stage the major electro- 
motive foree was directed anteriorly as. well as 
rightward, producing tall R defleetions over the 
right chest leads and rightward orientation of 
the axis in the frontal plane. In 4 patients with 
serial electrocardiograms this evolution was dem- 
onstrated. The authors pointed out that the sue- 
cess of various criteria proposed for the detection 
eleetroeardiographically of right ventricular hy- 
pertrophy depended directly on which stages of 
the evolution of cor pulmonale the eriteria en- 
compassed. No criteria could detect the right 
ventricular hypertrophy found at autopsy of 
those patients with cor pulmonale and normal 
cleetroeardiograms (30 per cent in this series 
of 18 patients) and criteria depending on the an- 
terior orientation of the major electromotive 
foree of stage 3 will deteet fewer eases than 
those dealing with the changes of stage 2. 


SAGALL 


Barbato, E., Fujioka, T., Debes, A. C., Pileggi, 
F., Filho, C. B., de Paula e Silva, P., and De- 
court, L. V.: Study of the Sequence of Ven- 
tricular Activation and the QRS Complex of 
the Pathologic Human Heart, Using Direct Epi- 
cardial Leads. Am. Heart J. 56: 340 (Sept.), 
1958. 

Thirty-one patients with either right or left 
ventricular hypertrophy, submitted to pulmo- 
nary or eardiae surgery, were studied with direet 
epicardial electroeardiographie leads to deter- 
mine the spread of ventricular activation and 
the morphology of the QRS complex at different 
points on the anterior and lateral ventricular 
surfaces. With slight right ventricular hyper- 
trophy only a delay in the onset of activation in 
all points of the right ventricular surface was 
found. With severe right ventricular hypertrophy 
the pattern of activation spread was altered in 
the heart as a whole. The principal change con- 
sisted of a delay of the activation in the outflow 
tract of the right ventriele with resulting pat- 
terns in this region of rsR’s’, rsR’S’, rRs and 
qRs. With left ventricular hypertrophy a delay 
in the aetivation was found over all points of 
the left ventrieular surface, particularly in the 
most basal and lateral points of the lateral sur- 
face, but the sequence of activation and the mor- 
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phology of the QRS complex were not signifi- 
cantly altered. In left ventricular hypertrophy 
the electrocardiographie transition zone oceupied 
the same points as in normal hearts, but in right 
ventricular hypertrophy it extended to the right 
ventricle’s intermediate zone and occasionally to 
the pulmonary conus. In 1 patient with pure pul- 
monie stenosis an inversion in the spread of sep- 
tal activation was found. 
SAGALL 


Wilson, M., Perez-Arzola, M., and Oppenheimer, 
M. J.: Mephentermine and the Arrhythmias. 
Am. J. Med. Se. 236: 300 (Sept.), 1958. 

The effect of mephentermine upon eardiae 
arrhythmias found in 12 paticnts with various 
forms of heart disease was analyzed using a 12- 
lead electroeardiogram following intravenous ad- 
ministration of the drug. In 4 patients with 
atrial fibrillation and 1 with atrial tachyeardia, 
no salutary effeet on eardiae aetion was noted. 
Effeetive reduction in a funetional atrioventrieu- 
lar block was produced and it was believed that 
supraventricular tachyeardia with second-degree 
block represented a contraindieation to the use 
of the drug. The frequeney of premature ectopic 
impulse formation was deereased in 5 of 6 pa- 
tients studied. Of these 5 patients, 2 sustained 
an inerease in heart rate while 3 did not. The 
mechanism of aetion was described as a decrease 
in the refractory period, an increase in velocity 
of conduction and a positive inotropie effeet. The 
antifibrillatory effeet of mephentermine suggested 
that it may be of value during induction of anes- 
thesia and during open heart surgery with thera- 
peutie eardiae arrest and in hypothermia. The 
direct action of the drug upon the heart muscle 
in inereasing the foree of contraction and facil- 
itating conduction may prove useful as adjune- 
tive treatment in patients with chronie congestive 
heart failure. 

SHERMAN 


Starr, I.: On Reading Ballistocardiograms. Am. J. 

Cardiol. 2: 404 (Oct.), 1958. 

This article summarized the practical aspects 
of ballistoeardiography and was based on a broad 
experience of over 20 years. Of the recording 
teechnies in use, the author favored a high fre- 
queney table from whieh displacement was regis- 
tered simultaneously with an eleetroeardiogram 
for timing. Eaeh instrument should be indi- 
vidually standardized. Artifacts arising from 
respiration, movement of the patient or of the 
building, or from resonance oceurred frequently 
but could usually be overeome. The normal bal- 
listoecardiogram was described, emphasizing the 
systolie eomponents which- were the more in- 
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formative. The diastolic components usually 
were not clearly produced by shin-bar instru- 
ments, and they tended to superimpose on the 
systolic area in marked tachyeardia. In healthy 
young adults, the tracing was extremely con- 
sistent in form; but in older healthy persons it 
was less so, probably because the older heart was 
weaker or occult cardiovascular disease was pres- 
ent in some instances. Interpretation of the ab- 
normal tracing was to a considerable extent sub- 
jective and depended first of all on a thorough 
knowledge of the normal record. The structure 
of the I wave was regarded as an important in- 
dieation of the foree of eardiae contraction. In 
general, the more abnormal the ballistoeardio- 
eram was, the more abnormal was the heart ac- 
tion. Four stages of abnormality were described. 
The utility of the ballistocardiogram was con- 
sidered to be mainly one of evaluating cardiac 
strength and coordination, and it was of less 
value in detecting cardiovascular structural de- 
fects. The overall value of the method when 
properly used was said to be comparable to that 
of a knowledge of blood pressure. 
Rogers 


ENDOCARDITIS, MYOCARDITIS, 
AND PERICARDITIS 


Blanchard, A. J., and Mertens, G. A.: Hyper- 
sensitivity Myocarditis Occurring with Sulfa- 
methoxypyridazine Therapy. Canad. M.A... 
79: 627 (Oct. 15), 1958. 

Brief accounts are given of 3 elderly men who 
received sulfamethoxypyridazine for infections 
of the urinary tract and who died in 1 to 3 weeks 
with heart failure. Autopsy in each ease dis- 
closed extensive infiltration of eosinophilie leuko- 
cytes and histiocytes in the myocardium, par- 
ticularly perivascularly, but without necrosis. 
Coronary atherosclerosis with myocardial fibrosis 
also was uniformly present. No other clinieal or 
pathologie evidence of allergy was mentioned 
nor was it said whether any patient had reeeived 
a sulfonamide in the past. The previous reports 
of similar myocarditis attributed to other sul- 
fonamides and the absence of other likely etio- 
logie faetors led the authors to believe that the 
sulfamethoxypyridazine therapy produced the 
myoearditis. 

Rogers 


Selye, H.: Experimental Production of Endomyo- 
cardial Fibrosis: Lancet 1: 1351 (June 28), 
1958. 

In various species of laboratory animals, pre- 
dominantly subendocardial necroses can be pro- 
duced after suitable conditioning with corticoids 
by sodium salts and stress, and these can he pre- 
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vented by oral administration of potassium or 
magnesium chloride. Studies were undertaken to 
relate this experimental situation to the endo- 
myocardial fibrosis found widely in man. Ae- 
cordingly, lesions were induced by this technic 
in 1 group of rats and were prevented by mag- 
nesium chloride in another. In a third group, 
the rats were killed 20 days after cessation of 
treatment. In the first group, in eight of 10 
animals, thick layers of subendocardial fibrosis 
had developed in those areas where the necroses 
were most plentiful. The histological appearance 
of these changes bore striking resemblance to 
the changes found in patients who died of endo- 
myoeardial fibrosis. In rats in which eardiae ne- 
croses were prevented by the prophylactie ad- 
ministration of magnesium chloride the secondary 
fibrosis did not develop. 
KURLAND 


Crastnopol, P., Kroop, I. G., and Levy, G.: Man- 
agement of Pericardial Effusions by Pericardi- 
ectomy. New York State J. Med. 58: 2367 
(July 15), 1958. 

Perieardiectomy is useful in the management 
of tubereulous and echronie pericardial effusion 
of nonspecific etiology. The authors were con- 
cerned with the applicability of this proeedure to 
all types of pericardial effusion. A case report 
of a sueeessful operation in suppurative periear- 
dial effusion is described. The proceedure in eon- 
junction with appropriate antibiotie therapy 
provided wide drainage of the infection into the 
pleural space where infection was more readily 
controlled by a dependently placed, indwelling 
tube. Although pericardiectomy was performed 
in a ease of pericardial effusion due to malignant 
origin, the authors reeognized that first, loeal 
instillation of radioactive colloidal gold or nitro- 
gen mustard should be employed to alleviate tam- 
ponade before resorting to surgery. 


KRAUSE 


Parker, B. M., Andresen, D. C., Thomas, W. A.., 
and Smith, J. R.: Effect of Intravenous Fibrin- 
olytic Enzymes on the Vegetations of Experi- 
mental Bacterial Endocarditis. J. Lab. & Clin. 
Med. 52: 588 (Oct.), 1958. 

Aortie or mitral valvular injury was produced 
in dogs with laryngeal biopsy foreeps inserted 
in the right earotid artery, advanced to the level 
of the aortic valve and used to remove tissue. 
Animals that had evidence of valvular disease 
manifest by heart murmurs but with no evidence 
of complicating infection were given 1 to 4 in- 
travenous injections of a suspension of Strepto- 
coccus mitis on sueceeding days. Development of 
« persistent fever of 39.5 C. or more was eon- 
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siderd indicative of active bacterial endocarditis. 
Positive blood culture was obtained in all febrile 
animals. Streptokinase and Streptodornase were 
administered intravenously at 12-hour intervals 
for 6 injections. The dogs that received intra- 
venous enzymes survived only 3 days longer than 
the infeeted dogs that reeeived no intravenous 
enzymes. This difference was found to be statis- 
tieally insignifieant. Only 4 of 11 enzyme-treated 
animals had vegetations measuring more than 6 
mm., Whereas 10 of 14 untreated dogs had le- 
sions greater than this dimension. Applieation 
of the Chi-square test failed to establish a sta- 
tistieally significant difference. While inflam- 
matory responses of the valves were not sig- 
nificantly altered in the dogs reeeiving enzymes 
aus compared to the controls, it was the authors’ 
conelusion that reduction of the vegetation sug- 
vested that fibrin deposition was impeded in the 
presence of active infection. 
MAXWELL 


Bayer, O., Brix, J., and Meyer, R. D.: On Endo- 
cardial Fibroelastosis with Particular Refer- 
ence to Intra Vitam Diagnosis. Arch. Kreis- 
laufforsch. 28: 217 (July), 1958. 

The elinieal findings and hemodynamic and 
angiocardiographie studies are reported in a 
14-year-old boy with Marfan’s syndrome; the di- 
nenosis of endocardial fibroelastosis was advaneed 
hy exclusion of other disease processes. The per- 
tinent literature was reviewed. Only typieal 
cases, without evidence of degenerative and in- 
flammatory changes, should be ineluded; the eti- 
ology of this disorder remains obseure, although 
its origin during embrvonal life appeared likely: 
the causal relationship of myoeardial hyper- 
trophy and failure was diseussed. 

CAT.ABRESI 


HYPERTENSION 


Barratt, T. R., Tobin, J. R., Jr., and O’Connor, R. 
B.: Intravenous Pheltolamine for Phaeochro- 
mocytoma and “Adrenaline Shock.” Brit. M. J. 
2: 771 (Sept. 27), 1958. 

The management of a patient with pheochro- 
moeytoma who had an unusually wild and unpre- 
dietable fluetuation of the systemie blood pres- 
sure with periods of alarming hypertension al- 
ternating with profound shock was discussed. 
The use of intramuseular phentolamine (“regi- 
tine’) was ineffective. However, the use of intra- 
venous phentolamine produced dramatie improve- 
ment. This procedure of intravenous titration 
permitted leisurely control of the operative and 
postoperative periods of surgical excision of the 
tumor. 


KRAUSE 
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Gyongyossy, A., and Kelentey, B.: An Experi- 
mental Study of the Effect of Ischaemia of the 
Pregnant Uterus on the Blood Pressure. J. 
Obst. & Gynaee. Brit. Emp. 65: 617 (Aug.), 
1958. 

While measuring systemie arterial blood pres- 
sure uterine ischemia was induced in gravid 
dogs, cats, and human beings by raising intra- 
ovular pressure with balloons in the ovular eav- 
ity. In dogs, increasing intraovular pressure for 
7 to 20 minutes was accompanied by a slow in- 
crease in blood pressure which the authors found 
difficult to distinguish from physiologie varia- 
tions in blood pressure. In eats, a biphasic blood 
pressure response to uterine ischemia was found 
with an early rapid rise of 15 to 65 mm. Hg 
followed by a second prolonged rise after the 
intrauterine pressure had been released. Tachy- 
phylaxis to repetition of filling and evacuation 
of the uterus was demonstrated. In 4 human 
subjects, intraovular filling of the uterus in- 
ereased the blood pressure by 20 to 30 mm. Hg. 
Injection of coneentrated perfusate of the uterus 
of the gravid dog elicited in the eat an initial 
fall in blood pressure followed by a slow and 
then a rapid rise. A similar effeet was seen fol- 
lowing injection of perfusate of the uterus of 
a gravid eat to the male eat. In both groups 
when an antihistamine was administered with 
the uterine perfusate, only the pressor effeet was 
seen. The authors coneluded that at least part 
of the pressor effeet depended on a humoral 
mechanism and thought that this was most likely 
the seeond gradual rise seen in the eat. They 
coneluded from the perfusate experiments that 
vasoactive substances ean enter the circulation 
from the placenta and that these must at least in 
part inelude histsmine or some histamine-like 
substance, and possibly also an acetyl choline- 
like substanee that may be involved in the de- 
pressor effect beeause of associated changes ob- 
served in intestinal peristalsis after administra- 
tion of the perfusate. 


MAXWELL 


Harrington, M., Kincaid-Smith, P., and Milne, 
M. D.: Pempidine in the Treatment of Hyper- 
tension. Lancet 2: 6 (July 5), 1958. 

The properties of Pempidine, a tertiary amine 
and simple derivative of piperidine were investi- 
gated. Like meeamylamine, it was completely 
absorbed from the gut, but its elimination was 
delayed if there was renal failure. Its exeretion 
was greater in acid than in alkaline urine. It 
was coneentrated in tissues rich in nuclear mate 
rial, readily crossed the blood-brain barrier and 
was found in high concentration in the nervous 
system. Following intravenous injection, a fall 
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in blood pressure occurred in 2 minutes and lasted 
from 2 to 6 hours. After an oral dose, a hypo- 
tensive effect was usually observed within an 
hour and lasted for 6 to 7 hours. A steady hypo- 
tensive effect was maintained on an oral 5-hour 
schedule. Rapid elimination permitted early at- 
tainment of a stable therapeutic dose with rea- 
sonable safety. In this respect, it was superior 
to meeamylamine. This characteristic also re- 
sulted in early subsidence of toxie effeets which 
were similar to those of all ganglionie-bloeking 
agents. 
KURLAND 


Mendlowitz, M., Altchek, A., and Naftchi, N.: 
The Work and Force of Digital Vasoconstric- 
tion in Normotensive and Hypertensive Preg- 
nant Women. Am. J. Obst. & Gynee. 76: 473 
(Sept.), 1958. 

The arterial flow and pressure in the digital 
cireulation were measured in hypertensive and 
normotensive pregnant women in the third tri- 
mester. Flow was measured ealorimetrieally, 
pressure with the cuff method and with a Gartner 
capsule: indirect heating and ganglionie block- 
ade were used to inhibit vasoconstriction. Cal- 
culations for the work, work index, and foree of 
vasoconstrictions were made from the data ob- 
tained. The effect of pregnaney upon digital ecir- 
culation was the same as that for any factor in- 
creasing heat production. The vasoconstrictive 
foree was decreased as was the brachial-digital 
systolie pressure gradient. The latter effeet may 
be attributed to a reduced level of brachial ar- 
terial pressure in pregnaney. In the hypertensive 
group an inerease in neurogenie vasoconstriction 
was observed. This finding represented the only 
significant difference between the 2 groups. 

SHERMAN 


Mendlowitz, M., and Naftchi, N.: Work on Digi- 
tal Vasoconstriction Produced by Infused 
Norepinephrine in Primary Hypertension. J. 
App. Physiol. 13: 247 (Sept.), 1958. 

After sympathetic nerve inhibition by indirect 
heat (eradle baker) and ganglion blockade (Pen- 
diomide or SC 1950), the sensitivity of the digi- 
tal blood vessels to infused norepinephrine was 
measured in 15 patients with primary hyperten- 
sion and 15 normotensive patients from the work 
of digital vasoconstriction per milligram of nor- 
epinephrine infused per minute. Sensitivity to 
norepinephrine was uniformly increased in the 
hypertension group. This was attributed to the 
following: the inereased response in hyperten- 
sion due to hypertrophy of the smooth musele 
of blood vessels; the enzyme defect in the smooth 
musele of hypertensive patients which rendered 
the effect of infused norepinephrine more intense 
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because it was more slowly destroyed; rates o! 
exeretion of norepinephrine; and a phenomenor 
of nerve-ending sensitization by the ganglion 
blocking drug. 

RINZLER 


METABOLIC EFFECTS ON 
CIRCULATION 
Peschel, E., and Schlayer, C.: Effect of Digitali: 

Glycosides on the Oxygen Consumption oi 

Heart Muscle In Vitro. J. Lab. & Clin. Med 

52: 417 (Sept.), 1958. 

Slices of heart muscle obtained from adult rats 
were placed in oxygenated modified Ringer-glu 
cose solution and studied by the Warburg meth 
od, using 100 per cent oxygen. The digitalis 
preparations were strophafithin G and desacetyl 
lanatoside C. Beeause of the fluetuations in the 
basal respiration of heart muscle in vitro that 
had been observed from heart to heart but much 
less from slice to slice of the same heart, all 
studies of the digitalis effeet were done with 
simultaneous controls on slices from the samc 
heart. An ouabain concentration of 2.5 y/ml. was 
without any effect on the heart; a concentration 
of 5 y/ml. caused a slight stimulation and in the 
range from 10 to 50 y/ml. a signifieant stimulation 
of the oxygen consumption was found, inereasing 
with dosage. A dose of 100 y/ml. did not stimu 
late; it had a depressing effect in half the cases. 
The dose maximally increasing the Qoo of heart 
musele had a slightly depressing effect on kid 
ney and liver respiration and a depressing effect 
on the oxygen consumption of the diaphragm, in 
creasing with the dosage of ouabain. The effects 
on the same organs using desacetyllanatoside ( 
were similar qualitatively with variations de- 
pendent on dosage. 

MAXWELL 


Peschel, E., and Georgiade, R.: Studies on the 
Respiration of Heart Muscle in Vitro. J. Lah 
& Clin. Med. 52: 410 (Sept.), 1958. 

Hearts from adult rats were obtained imme 
diately after death, were placed in oxygenated 
modified Ringer-glucose solution, and were slice: 
and transferred into Warburg vessels. Kidney 
liver, and spleen slices were handled in the sam 
manner and diaphragm was also used. Oxyge! 
consumption was ealeulated on the basis of th 
dry weight of the tissue, and wet weight wa 
assumed as 4 times the dry weight for the heart 
5 times the dry weight for other tissues. Unde 
optimal conditions using 100 per cent oxygel 
the basal respiratory rate of heart slices not ex 
ceeding 0.5 mm. in thickness was 17.4 + 3.0. I 
air instead of pure oxygen, the respiration rat 
of heart muscle slices was 9.9+1.9. Averag 
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values for heart slices at various oxygen 
meentrations showed that the respiratory rate 
as constant between 100 and 60 per cent oxygen 
id decreased progressively from 50 per cent 
»wnward. When oxygen concentrations less than 
iat found in air were used, requirements of ade- 
iate diffusion required slices of such thinness 
iat the condition of the slices was found to be 
adequate. The effects of corresponding reduc- 
ons in oxygen concentrations on slices of vari- 
us tissues showed that the effect of the same 
‘duction was greater in heart muscle, kidney, 
nd diaphragm than in liver and spleen. It was 
mnd that with decreasing oxygen concentra- 
on and decreasing Qos the lactate concentra- 
ion inereased, indicating anaerobic glycolysis. 
n experiments using slices of variable thickness, 
was shown that there was a correlation be- 
ween the limiting thickness for each oxygen con- 
entration and the point where the Qoo started 
o deerease. These latter 2 groups of experiments 
vere taken to indicate that insufficient oxygen 
liffusion was responsible for the reduced oxygen 
consumption found in heart slices under the in- 
fluenee of reduced oxygen concentrations. 
MAXWELL 


Spratt, J. L., and Okita, G. T.: Protein Binding 
of Radioactive Digitoxin. J. Pharmacol. & 
Exp. Therap. 124: 109 (Oct.), 1958. 

This is a radioisotopic tracer study on the pro- 
tein binding of digitoxin. Both biosynthetiecally 
labeled C14-digitoxin and self-radiation labeled 
H*-digitoxin were used in this study. Stareh 
hlock electrophoresis was used as the method for 
studying drug-protein binding. Drug binding by 
equilibrium dialysis of salt-fractionated proteins 
was also used. By zone electrophoresis, digitoxin 
hinding by serum albumin could not be shown. 
By salt precipitation and dialysis methods, re- 
ults in the radiotracer portion agreed quali- 
atively but not quantitatively with other in- 
estigators. The authors found that within the 
herapeutie range 1 mg. of rat serum protein will 
ind 0.01 mg. of digitoxin. 

RINZLER 


Vinterscheid, L. C., Vetto, R. R., and Meren- 
dino, K. A.: Myocardial Carbohydrate Metabo- 
lism During Induced Cardiac Arrest and Post- 
Arrest Perfusion. Ann. Surg. 148: 481 (Sept.), 
1958. 

The myocardial carbohydrate metabolism of 
ie isolated dog heart was studied in the beat- 
ig and in the arrested stage. Under the cireum- 
ances of these experiments the carbohydrate 
etabolism of the isolated perfused beating heart 
roceeded at a relatively stable rate with glucose 
‘rving as the primary substrate. The uptake of 


glucose or lactic acid was not correlated with the 
arterial oxygen concentrations. In the arrested 
heart the energy was found to be approximately 
1/1000 to 1/2000 of that of the isolated beatinz 
heart for the same time period. This energy came 
primarily from residual aerobic carbohydrate 
metabolism that was finished within the first 10 
minutes of arrest. During arrest a marked fall 
in the pH of the blood contained in the coronary 
circulation was found; but unlike the abrupt 
drop in aerobic metabolism, this occurred gradu- 
ally being 0.14 in 10 minutes and 0.38 in 30 
minutes. 
SAGALL 


Kleinfeld, M., Rosenthal, A., and Stein, E.: Com- 
parative Effects of DL-Thyronine, L-Triiodo- 
thyronine and L-Thyroxine on the Isolated 
Perfused Frog Heart. Am. J. Physiol. 195: 
63 (Oct.), 1958. 

No significant changes in cardiac output, heart 
rate, or electrical potential were produced by 
0.2 to 0.8 mg. of thyronine. Low concentrations 
of thyroxine (0.2 mg.) usually produced a slight 
increase in heart rate with no change in eardiae 
output. Triiodothyronine at this dose increased 
both heart rate and ecardiae output. At higher 
concentrations, (0.6 mg. and above) both the 
latter agents decreased the heart rate and ear- 
diac output, and produced variable degrees of 
heart block, arrhythmias, and electrical alternans. 
Eleetrocardiograms showed minimal effects on 
the P wave; the R wave was usually decreased, 
the S-T segment was depressed, and the T wave 
became increasingly inverted. The changes caused 
by triiodothyronine occurred earlier and were 
also more pronounced than those caused by thy- 
roxine. There were no electrocardiographic ef- 
feets of thyronine. The introduction of iodine 
atoms into the thyronine nucleus produced com- 
pounds that had marked activity on myocardial 
function. 

KAyYDEN 


PATHOLOGY 


Paterson, J. C., and Mills, J.: Myocardial Mast- 
Cell Counts in Postmortem Material. Arch. 
Path. 66: 335 (Sept.), 1958. 

In 67 consecutive autopsies coronary athero- 
sclerosis was evaluated on the basis of the 
following: erude morphologie grading, a measure- 
ment of the thickness of the largest plaque, 
determinations of the total amount of concentra- 
tion of lipid and of calcium present in the 
inner coats of the arteries. Mast-cell counts of the 
myocardium were also done. The authors could 
find no correlation between mast-cell counts and 
any of the 6 parameters measured. No correlation 
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could be made between the mast-cell coneentra- 
tion and the severity of the disease in any par- 
ticular age group. A eorrelation could be made, 
however, between the mast-cell concentration and 
the incidence of myocardial infaretion or other 
complieations of coronary atherosclerosis. 
MAXWELL 


Constantinides, P., Gutmann-Auersperg, N., and 
Hospes, D.: Acceleration of Intimal Athero- 
genesis through Prior Medial Injury. Arch. 
Path. 66: 247 (Sept.), 1958. 

Focal medial necrosis was produced in a group 
of rabbits on a normal diet by daily intravenous 
injection of epinephrine, 0.05 mg./Kg. for 10 
days and thyroxine 1 mg./Kg. for the last 5 of 
those 10 days. Ten of 28 animals died during 
the course of this treatment; 9 of the remaining 
18 died in a rest interval following the injee- 
tions and were ineluded in the “medial injury 
only” group. The 9 survivors, after a rest period 
of 4 days were fed diets of 1 per cent cholesterol 
and 5 per cent cottonseed oil for 3 weeks and 
then sacrificed. Nine normal, untreated rabbits 
were fed a similar diet for a similar period and 
then killed; they constituted the “lipemia only” 
eroup. Both cholesterol-fed groups developed a 
progressively increasing lipemia at the same rate 
and achieved the same plasma turbidity, total 
cholesterol and total lipid level at the «nd of the 
3-week cholesterol alimentation period. Both 
eroups given injections of epinephrine and thy- 
roxine developed medial necrosis, with 100 per 
cent incidence, whereas the group given no in- 
jeetions had negligible amounts of spontaneous 
medial neerosis. Of the 2 groups that were fed 
cholesterol diets for 3 weeks, only those that had 
received prior treatment with epinephrine and 
thyroxine developed atherosclerosis, with 89 per 
cent incidence. No atherosclerosis was found in 
the cholesterol-fed animals that had received no 
prior injections. In the 2 groups receiving the 
cholesterol feedings, aortie cholesterol in the 
pre-treated group exceeded that in the untreated 
eroup by 240 per cent, and aortie wet weight was 
eveater by 40 per cent in the pretreated group. 
There was no difference in aortie cholesterol and 
aortic wet weight between the pretreated group, 
which had received no cholesterol, and the choles- 
terol-fed group, which had received no pretreat- 
ment. In the group receiving epinephrine and 
thyroxine followed by cholesterol the atheroma 
was found to overlie patches of necrotie media 
that were also found to extend over the appar- 
ently normal neighboring media. There was a 
tendeney for the central area of the intimal 
plaques in this combined treatment group to be 
lipid-poor or lipid-free. In the group receiving 
combined treatment, + of 9 animals were seen to 
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have a few coronary atheromata; none was en- 
countered in either of the 2 other groups. 


MAXWELL 


PHARMACOLOGY 
Winbury, M. M.: Comparison of the Vascular Ac- 
tions of 1, 1-dimethyl-4-Phenylpiperazinium 
and Tetramethylammonium. J. Pharmacol. & 

Exper. Therap. 124: 25 (Sept.), 1958. 

The vaseular actions of 1, 1-dimethyl-4-phenyl- 
piperazinium (DMPP) and tetramethylammo- 
nium (TMA) were compared in anesthetized dogs. 
The rate of blood flow in the femoral artery was 
determined with a rccording rotameter. The 
blood pressure was recorded with a pressure 
transducer at the inflow tubing to the rotameter 
close to the arterial cannula, The blood pressure 
and the blood flow were recorded simultaneously 
on a direct-writing electronic recorder. Intra- 
venous injection of both agents produced an ini- 
tial transient fall in blood pressure followed by a 
more prolonged rise in pressure. Hexamethonium 
blocked both phases of the DMPP action but 
the hypotensive phase of TMA persisted; this 
was subsequently blocked by atropine. The hy- 
potensive phase of both compounds was selee- 
tively blocked by atropine, whereas the hyper- 
tensive phase of both compounds was selectively 
blocked by Regitine. Intraarterial injection of 
TMA into the hind limb produced loeal vaso- 
dilation which was blocked by atropine but not 
by hexamethonium. DMPP most frequently pro- 
duced local vasodilation on’ intraarterial injee- 
tion but vasoconstriction was observed in a few 
animals at the start of the experiment. This 
later changed to vasodilatation. The dilator re- 
sponse to DMP was blocked or converted to a 
constrictor response by hexamethonium, Regitine, 
and Ilidar, but not by atropine. Acute denerva- 
tion of the limb did not alter the response to 
DMPP or TMA. The results indicated that TMA 
ean stimulate both at the autonomic ganglia and 
at the peripheral cholinergic effector sites (cho- 
linomimetie action). The mechanism of the loeal 
vasodilator action of DMPP was not clear except 
that it was located in the periphery. It was sug- 
gested that it may involve peripheral ganglion 
cells, an axon reflex, or direct stimulation of 
the smooth muscle in the vessel walls. 

RINZLER 


Arora, R. B.: Antiarrhythmics. Quinidine-like 
Activity of Some Ataraxic Agents. J. Pharma- 
col. & Exper. Therap. 124: 53 (Sept.), 1958. 
The antiarrhythmic action of the tranquilizing 

agents, reserpine, alseroxylon, benactyzine, and 

meprobamate was studied and compared with 
that of quinidine sulfate. Alseroxylon, reserpine, 
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nd benaetyzine possessed signifieant quinidine- 
ke activity in prolonging the refractory period 
{ isolated rabbit atria as well as in abolishing 
xperimentally induced atrial fibrillation and 
utter in anethetized dogs. Meprobamate was not 
fficacious in the atrial arrhythmias although it 
hared the effect of quinidine to inerease atrial 
efractoriness. It, however, equaled quinidine in 
he suppression of ectopic activity produced by 
-stage coronary ligation in unanesthetized dogs. 
n this test procedure, benactyzine and alseroxy- 
on were stronger than quinidine, while reserpine 
vas considerably weaker. 
RINZLER 


Van Arman, C. G., and Drill, V. A.: Some Cardio- 
vascular Effects of Norethandrolene (Nilevar), 
Testosterone and Pregesterone. J. Pharmacol. 
& Exper. Therap. 124: 59 (Sept.), 1958. 

In dogs, norethandrolene was investigated for 
‘feets on atrial flutter, blood pressure, heart 
rate, ventricular arrhythmia, and the electro- 
cardiogram. Progesterone and testosterone pro- 
pionate were evaluated for effeets on atrial flut- 
ter and blood pressure. Further, all 3 compounds 
were studied in the isolated rabbit heart for 
their effeets on rate, rhythm, and strength of 
contraction. Norethandrolone (17-ethyl-19-nor- 
testosterone), testosterone propionate, and pro- 
vesterone all depressed the amplitude of con- 
traction of the isolated perfused rabbit heart. 
Northandrolone had appreciable potency in abol- 
ishing atrial flutter in. dogs. Progesterone was 
approximately as effective as norethandrolone in 
this regard. Testosterone propionate did not 
show such activity to the same extent as the 
other 2 steroids. Norethandrolone did not 
affect ventricular arrhythmia caused by coronary 
occlusion. It had negligible effeets on blood pres- 
sure, heart rate, and electrocardiogram, even at 
ery large doses. 


RINZLER 


Pathak, C. L.: Antagonistic Effects of Acetyl- 
choline and Nicotine on Isolated Frog Hearts. 
Am. J. Physiol. 195: 61 (Oct.), 1958. 

The relationship between the actions of ae:tyl- 
holine and nicotine in isolated perfused frogs’ 
iearts was studied in normally beating hearts and 

n hypodynamie and_ spontaneously stopped 
earts. Both the excitatory and inhibitory effects 

 aeetyleholine were antagonized by nicotine. 

t was suggested that acetylcholine and nicotine 
et through the same neuronal receptors and 

hat the antagonistic effects observed in these 
xperiments were due to competition for these 

ceeptors. 


KAYDEN 
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Spratt, J. L., and Okita, G. T.: Subcellular Lo- 
calization of Radioactive Digitoxin. J. Phar- 
macol. & Exper. Therap. 124: 115 (Oet.), 1958. 
The subeellular localization of digitoxin was 

studied with biosynthetically labeled C"-digi- 

toxin and self-radiation labeled H’*-digitoxin to 
gain insight into the intracellular site of action 
of eardiae glycosides and the manner in which 
intracellular particulates interact to effeet myo- 

cardial contraction. Twenty minutes after a 

single intravenous injection, the rat cleared its 

vascular system of digitoxin. Upon cell fraetiona- 
tion of in vivo preparations, over 90 per cent 
of the unehanged digitoxin present in the cell 
was found in the soluble supernate of rat heart, 
kidney, and liver cells. No marked quantitative 
binding was demonstrated with any of the par- 
ticulate fractions. Animals for in vivo study 
were exsanguinated and perfused before their 
tissues were fractionated. No functional signifi- 
canee concerning the intracellular localization of 
digitoxin could be made. 

RINZLER 


Watson, W. C., Thomson, T. J., and Buchanan, 
J. M.: Clinical and Laboratory Studies with 
Chlorothiazide: An Oral Diuretic.. Lancet 1: 
1199 (June 7), 1958. 

The nature and degree of diuresis obtained 
with chlorothiazide were studied in 26 acute ex- 
periments on 22 patients with various clinical 
states associated with fluid retention. Following 
a single oral dose of 2 Gm. of chlorothiazide, 
there was a considerable increase in the flow 
of urine, particularly in the 6 hours immediately 
after its administration. This was associated 
with increased output of sodium, chloride, bi- 
carbonate, and potassium, in that order, with 
little alteration of serum electrolytes. The di- 
uresis was chiefly of the former electrolytes but 
if their serum level was low, the exeretion of 
the latter was promoted. A satisfactory diuresis 
may occur in the absence of corresponding elec- 
trolyte loss. In general, the best diuretie response 
occurred in the patient who responded well to 
mereurials. In patients with pulmonary heart 
disease the response was disappointing. 


KURLAND 


Maxwell, R. A., Plummer, A. J., Daniel, A. L., 
Schneider, F., and Povalski, H.: Concerning 
the Mechanisms of the Cardiovascular Actions 
of Hexahydro - 1 - Azepinepropionamidoxime 
(SU-4029). J. Pharmacol. & Exper. Therap. 
124: 127 (Oct.), 1958. 

This report dealt with the mechanisms under- 
lying the peripheral action of hexahydro-l-aze- 

pinepropionamidoxime (SU-4029). Three milli- 
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grams per Kg. of phentolamine hydrochloride 
given by vein markedly reduced the pressor re- 
sponse to epinephrine in 7 dogs. Subsequent in- 
travenous administration of 180 mg. per Kg. of 
SU-4029 in a series of 30 to 60 mg. per Kg. doses 
produced a stepwise return of the pressor re- 
sponse to norepinephrine to control dimensions 
in 4 dogs and partially returned the pressor re- 
sponse in 3 dogs. The reversal of the epinephrine 
pressor response evoked by phentolamine was not 
affected in the 7 animals by these doses of SU- 
4029. The blockade of norepinephrine produced 
by the irreversible blocking agent Dibenamine 
was not negated by SU-4029. Since phentolamine 
and Dibenamine are generally considered to fune- 
tion at the same site in the adr: nergie receptor 
substance, the indication was that SU-4029 may 
have an action in the substance of the alpha re- 
ceptors and that it may be at the same locus as 
that affected by Dibenamine and phentolamine. 
It was further suggested by the response of a 
series of pressor phenylethylamines following 
SU-4029 pretreatment that part of the action 
of SU-4029 was to deform that portion of the 
alpha receptor system affected by adrenergic 
blocking agents. 


RINZLER 


Johnson, E. A., and Robertson, P. A.: The Stim- 
ulatory Action of Acetylcholine on Isolated 
Rabbit Atria. Brit. J. Cardiol. 13: 304 (Sept.), 
1958. 

Acetylcholine, 1 mg. per liter, restored the rate 
of isolated rabbit atria (but not of ventricular 
fibers), depressed by quinidine 2.5 to 5 mg./L. 
Norepinephrine 1 to 100 mg./L. had no such effect. 
Quinidine-arrested atria could be restarted by 
acetylcholine, possibly by an aetion on the so- 
dium “earrying system” (excitatory mechanism) 
without increasing the membrane resting poten- 
tial. The usual inhibitory action of acetylcholine 
on the rate of beat of pacemaker cells was 
thought due to an inerease in potassium permea- 
bility which diminished the rate of diastolie de- 
polarization. 


ROGERS 


Vaughan Williams, E. M.: The Mode of Action 
of Quinidine on Isolated Rabbit Atria Inter- 
preted from Intracellular Potential Records. 
Brit. J. Pharmacol. 13: 276 (Sept.), 1958. 
Measurements of contractions, conduction ve- 

locity, and intracellular potentials were made 

by photographing simultaneous oscilloscopie trae- 
ings from electrically driven isolated rabbit atria 
bathed in varying concentrations of quinidine 
sulfate. Quinidine in concentrations up to 10 mg. 
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per liter did not affect the resting potential and 
either shortened or did not change the half-time 
for repolarization, the latter corresponding with 
the failure of quinidine to prolong the absolute 
refractory period. However, the effective re- 
fractory period was prolonged by slowing the 
rate of rise of the action potential. Also, the eon- 
duction velocity and height of the overshoot 
were reduced. Quinidine thus lowers the fre- 
queney at which atria can respond to a stimulus 
and therefore has an antiarrhythmie action. 


RoGers 


Corne, S. J., and Edge, N. D.: Pharmacological 
Properties of Pempidine (1:2:2:6:6- Penta- 
methylpiperidine), a New Ganglionic-Blocking 
Compound. Brit. J. Pharmatol. 31: 339 (Sept.), 
1958. 

Pempidine is a tertiary amine and therefore 
is chemically similar to meecamylamine but not 
to bis-quaternary ammonium compounds such as 
hexamethonium and pentolinum. Its effects on 
eats and mice were those of a long-acting gang- 
lionic-blocking agent without undue toxicity. 
While oral doses were ordinarily effective, hypo- 
tension in the anesthetized cat was difficult to 
produce unless the drug was injected into the 
duodenum. Other actions ineluded neuromuseu- 


lar paralysis of a curare-like type when large 
doses of Pempidine were injected intravenously, 
and central effeets such as tremors occurred with 
near toxic doses. Its weak muscarinic proper- 
ties, as seen on the isolated guinea-pig ileum, 
might be clinically advantageous by reducing 
the incidence of parasympathetic side effects. 


RoGers 


PHYSIOLOGY 


Katz, L. N., and Feinberg, H.: The Relation of 
Cardiac Effort to Myocardial Oxygen Consump- 
tion and Coronary Flow. Circulation Research 
6: 656 (Sept.), 1958. 

Cardiac performance requiring oxygen deter- 
mines coronary blood flow. The level of arterio- 
venous oxygen differ: nce across the bed is altered 
by loeal conditions of oxygen and carbon dioxide 
concentrations and the presence of catechola- 
mines. The initiating factor in the equilibrium 
between coronary flow and oxygen extraction by 
the heart cannot be decided. It is more than 
likely that hypercapnia and catecholamines have 
an effect on the basic vascular tone, probably at 
the level of the precapillary sphincter, that re- 
sults in enhanced flow and reduced oxygen extrac- 
tion, 
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Gilfoil, T. M., Schopp, R. T., Morris, G. R., and 
Youmans, W. B.: Mechanisms of Respiratory 
Inhibition Produced by Sudden Aortic Obstruc- 
tion. Am. J. Physiol. 194: 155 (July), 1958. 
External constriction of the descending aorta 

elicited immediate inhibition of breathing in dogs 
under pentothal-chloralose anesthesia both before 
and after sino-aortic denervation. Impulses ini- 
tiated by traction of a ligature on the aorta were 
conducted into the thoracic part of the cord. 
There was no indication that this mechanism was 
activated in experiments involving internal oc- 
clusion in the innervated animals. Internal occlu- 
sion of the descending aorta elicited inhibition of 
breathing in dogs under morphine sulfate-chlora- 
lose anesthesia having all neural pathways in- 
tact. The inhibition was related in large part to 
reflexes from the sino-aortic zones. In the ma- 
jority of dogs studied, the delayed inhibition of 
breathing following internal occlusion of the de- 
scending aorta was greatly reduced but usually 
not entirely eliminated by sino-aortic denervation. 
Therefore, some other respiration-inhibiting 
mechanism was involved. That the respiratory 
center may be relatively insensitive to changes 
in blood flow under the conditions of these ex- 
periments was indicated by the fact that in in- 
dividual cases sudden severe changes in blood 
pressure in sino-aortic denervated animals were 
not accompanied by changes in respiration. 


WENDKOS 


Kao, C. C., and Hoffman, Brian F.: Graded and 
Decremental Response in Heart Muscle Fibers. 
Am. J. Physiol. 194: 187 (July), 1958. 
Simultaneous records of the transmembrane po- 

tential from 2 points in a single cardiac fiber in- 
dicate that during the refractory period when 
repolarization is about half complete graded re- 
sponses appear close to the site of stimulation. 
These responses to cathodal pulses vary in am- 
plitude with stimulus intensity and may show 
spatial decrement even when an overshoot is 
present close to the stimulating electrode. The 
results obtained indicate that the transition from 
graded to all-or-none response does not depend 
solely on the restoration of membrane potential. 
In some experiments, stimulation was accom- 
plished by employing 1 lumen of a double micro- 
electrode; in others single Purkinje fibers were 
stimulated by action potential propagated from 
attached papillary muscle. Similar graded re- 
sponses were elicited in both instances. The ex- 
periments employing propagating action poten- 
tials as stimuli suggest the possible occurrence 
of graded activity as a response mechanism in 
the intact heart. 


WENDKOS 
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Holland, W. C., and Tinsley, B.: Factors Affecting 
the Incidence of Atrial Fibrillation. Am. J. 
Physiol. 193: 235 (May), 1958. 

A study of fibrillation induced in isolated rab- 
bit atria by stimulating at high frequencies (600- 
1,200 cycles per minute) in the presence of acet- 
yleholine revealed it to be dependent on the ionic 
composition of the medium. The effects of vary- 
ing the sodium potassium and calcium ion content 
of the bath fiuid on the incidence of fibrillation 
were interpreted on the basis that fibrillation 
only began at a time when the transmembrane 
flux of sodium and potassium ions exceeded a 
critical rate. Evidence was presented that the 
initiation and maintenance of fibrillation are gov- 
erned by separate physiochemical processes. The 
onset of fibrillation resulted from a sudden tran- 
sient increase in permeability of the cell mem- 
brane. This latter reaction set off other bio- 
chemical processes that maintained the phenome- 
non. 


WENDKOS 


Hilton, J. G.: Effects of Hemorrhage on Blood 
Pressure Responses to Epinephrine and to His- 
tamine. Am. J. Physiol. 193: 576 (June), 1958. 
Effects of hemorrhage on blood pressure re- 

sponses to epinephrine and to histamine were 

studied in dogs anesthetized with sodium pento- 
barbital. A series of graded doses of either ]- 
epinephrine bitartrate or |-histamine diphosfate 
was given before and after hemorrhage, and the 
blood pressure effects of each dose of the admin- 
istered drug were recorded. The amount of hem- 
orrhage was determined as 10 per cent of the 
experimental animal’s Evans-blue blood volume. 
Blood pressure records were analyzed in terms of 
minimum or maximum blood pressure attained, 
actual rise or fall in blood pressure and duration 
of primary blood pressure response before and 
after hemorrhage. The results showed that there 
was a significant change in the minimum and 
maximum blood pressures attained, but no sig- 
nificant change in the actual rise, actual fall or 
duration of primary response of blood pressure. 

The amount of change in minimum or maximum 

attainable blood pressure was directly related to 

the amount of change in blood pressure that re- 
sulted from the decrease in blood volume. 


WENDKOS 


Selkurt, E. E.: Mesenteric Hemodynamics During 
Hemorrhagic Shock in the Dog With Functional 
Absence of the Liver. Am. J. Physiol. 193: 599 
(June), 1958. 

The sequence of hemorrhagie shock was studied 
in dogs with functional absence of the liver pro- 
duced by ligation of vascular inflow circuits. 
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Kstablishnnent of a portal to jugular shunt per- 
mitted continued measurement of intestinal blood 
flow. It was found that this vaseular bed exhib- 
ited the characteristic hyperemie response pre- 
viously observed in dogs with intaet livers, stud- 
ied under similar condition. Other hemodynamic 
changes symptomatic of irreversibility were ob- 
served. It is concluded that the liver made anox- 
i¢ during shock does not contribute to irreversi- 
bility, and that it is more likely that it exerts a 
protective role. A hypothesis is advoeated that 
hypotension creates conditions in the intestinal 
hed that favor produetion or release of vasodepres- 
sor agents or material toxie to the eardiovaseular 
system. In the absence or impairment of the 
normal protective role of the liver, these gain 
access into the general circulation with deletegi- 
ous consequences to circulatory homeostasis. 


WENDKOS 


Alessi, R., Nusynowitz, M., Abildskov, J. A., and 
Moe, G. K.: Nonuniform Distribution of Vagal 
Effects on the Atrial Refractory Period. Aim. .J. 
Physiol. 194: 406 (Aug.), 1958. 

The refractory period was measured at several 
points on the right atrial surface in anesthetized 
dogs. Under control conditions with the vagi 
cut, the values recorded at various points varied 
by no more than 40 milliseconds. During stim- 
ulation of the vagus nerves, singly or together, 
the refractory period varied widely. At some 
points marked effects were observed, while at 
others little or no effeet was apparent. Reflex 
excitation of the vagi, induced by increased ar- 
terial pressure, vielded similar results. It was 
eoncluded that the effeets of vagal stimulation 
were not;uniformly distributed. It follows that 


an early eetopiec impulse generated during a pe- 
riod of vagal stimulation was bound to be propa- 
gated along an irregular wave front as the im- 
pulse encountered areas in varying states of ex- 
citabilitv. The likelihood of fibrillation must be 
enhaneed by such irregularity. 


WENDKOS 


Klein, R. L., and Holland, W. C.: Na” and K’ 
Exchange in Atrial Fibrillation. Am. J. Physiol. 
193: 239 (May),.1958. 

Changes in transmembrane flux of Na*™ and 
K* during acetyleholine (ACh) indueed fibrilla- 
tion were investigated. At a mean atrial rate of 
160 per minute, the efflux of potassium was esti- 
mated to be 3-45 pmole,‘em.’/see. With the onset 
of fibrillation the efflux reached a mean value of 
9.37 pmole/em.*/sec. This rate was 50 per cent 
ecreater than the combined effeets of ACh (8.0 X 
10° Gm./ml.) and stimulation (1,200 per minute) 
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alone. With the onset of fibrillation a momentary 
increase of influx followed by a deerease to 1/20- 
1/40 the control was observed. ACh alone pro- 
duced comparable effects. The rate of sodium 
influx was inereased 10 to 15 times by both ACh 
and fibrillation. Similar changes in sodium ef- 
flux were noted but of a smaller magnitude. The 
change in fluxes noted was transient in nature 
with the rate returning rapidly to that of the 
control even though fibrillation continued. Upon 
cessation of the arrhythmia a momentary increase 
of potassium efflux was again observed. It is con- 
cluded that ACh and fibrillation increase the 
transmembrane flux of sodium and _ potassium. 
With the present method the onset of fibrillation 
is best correlated with an increase of potassium 
efflux above a critical rate., Since these changes 
are transient, it appears that the initiation and 
maintenance of the arrhythmia are governed by 


separate physiochemical processes. . 
I pm I WENDKOS 


Gilbert, R. P., Hinshaw, L. B., Kuida, K., and Vis- 
scher, M. B.: Effects of Histamine, 5 Hydroxy- 
tryptamine and Epinephrine on Pulmonary 
Hemodynamics With Particular Reference to 
Arterial and Venous Segment Resistances. Ai. 
J. Physiol. 194: 165 (July), 1958. 

Studies were made of the effeets of histamine 
and 5 hydroxytryptamine (;HT) on arterial and 
venous segmental resistance in the isolated per- 
fused dog lung. The lung was perfused at con- 
stant flow while pressures were measured in the 
pulmonary artery, left atrium and in either the 
pulmonary artery wedge position or a small pul- 
monary vein. Arterial resistance changes were 
inferred from changes in the pulmonary artery- 
pulmonary artery wedge position, pressure drop, 
and venous resistance from the pulmonary artery 
wedge position-pulmonary vein pressure gradient. 
Changes in lung weight were recorded continu- 
ously. It was found that histamine usually 
caused a greater increase of the venous resistance 
than of the arterial resistance, while ,HT usually 
increased the arterial resistance more than the 
venous resistance. When the predominant re- 
sistance increase was arterial, the lung weight 
fell, but when there was a sizable increase of the 
venous resistance, the lung weight rose, presum- 
ably as a result of inereased capillary blood eon- 
tent. The correlation coefficient between the 
change in lung weight and the change in venous 
resistance was +.791. Small pulmonary vein 
pressure rose after administration of epineph 
rine, norepinephrine, histamine, and ;HT. Thi- 
result gives further proof of the constriction of 
pulmonary veins by these agents, 
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RENAL AND ELECTROLYTE EFFECTS 
ON THE CIRCULATION 


Blackmore, W. P.: Effect of Serotonin on Renal 
Hemodynamics and Sodium Excretion in the 
Dog. Am. J. Physiol. 193: 639 (June), 1958. 
The effeets of constant intravenous infusions 

of serotonin with doses of 5 to 10 pg. per Kg. per 

minute on glomerular filtration rate, effective 
renal plasma flow, urinary flow, and sodium ex- 
cretion were studied in trained, unanesthetized 
female dogs. A small but significant decrease in 
elomerular filtration rate associated with in- 
ereased renal plasma flow occurred at the 5 pg./ 
Kg./min. dose, indicating a specific effect of sero- 
tonin on the kidney. Similar changes were noted 
with 10 ywg./Kg./min. dose plus a marked anti- 
diuretic effect that occurred in the absence of 
any signifieant change in mean arterial blood 
pressure and an intact neurohypophysis, indi- 
cating a direct action on water reabsorption in 
the kidney. Urinary sodium exeretion decreased 
with both doses as a result of a decline in glo- 
merular filtration rate associated with increased 
tubular reabsorption. These results indicate that 
serotonin has a specific effect on the kidney and 
suggest that this substance may alter the ealiber 
of the glomerular vessels to decrease renal vaseu- 
lar resistance. f 


WENDKOS 


RHEUMATIC FEVER 


Bywaters, E. G. L., and Thomas, G. T.: Preven- 
tion of Rheumatic Fever Recurrences. Brit. M. 
J. 2: 350 (Aug. 9), 1958. 

Two comparable groups of patients with rheu- 
matie fever were followed for 5 years. One 
group of 96, admitted in 1949 to 1950, were given 
no prophylaxis. The other group of 88 patients, 
admitted in 1951 to 1952, were given 1 Gm. of 
sulfonamide daily. The period of follow-up study 
in the 2 groups overlapped by 2 to 4 years. The 
mean incidence of recurrences per patient-year 
was 5.6 per cent in the unprotected and 1.2 per 
cent in the protected group. There was only 
small variation from year to year in each group 
and no tendency for the recurrence? rate to de- 
crease with time. Toxie reactions to the sulfon- 
amide were minimal and none was serious. It 
was pointed out that the recurrence rate in Amer- 
ica for the unprotected group was far higher 
18 to 25 per cent) than that in Britain. This 
nay, in part, explain the faet that prophylaxis of 

‘heumatie fever was taken up less enthusiastically 

n Britain than in the United States. 


KRAUSE 


VALVULAR HEART DISEASE 
McCampbell, S. R.: Direct Atrial Pressure Trac- 
ings and the Degree of Mitral Obstruction. 

Brit. Heart J. 20: 341 (July), 1958. 

An analysis of the rate of fall of the diastolic 
portion of the left atrial tracing obtained before 
and after mitral valvotomy as suggested by Owen 
and Wood for pulmonary wedge tracings failed 
to determine the degree of obstruction at the 
mitral valve or to differentiate the presence or 
absence of mitral regurgitation. 

SOLOFF 


Heath, D., Edwards, J. E., and Smith, L. A.: The 
Rheologic Significance of Medial Necrosis and 
Dissecting Aneurysm of the Ascending Aorta 
in Association with Calcific Aortic Stenosis. 
Proe. Staff Meet., Mayo Clin. 33: 228 (April 
30), 1958. 

The authors contend that when dissection 
oceurs in the ascending artery just distal to a 
stenotic aortic valve, it is due to the hemodynamic 
effects of the stenosis. Repeated impacts on the 
vessels over a long period of time produce strue- 
tural fatigue in an elastic artery with distention 
of its wall. These hemodynamie effeets are due 
to changes in the velocity of blood flow, the 
development of lateral pressure, and eddies of 
alternating high and low pressures. In the ease 
studied, the whole length of the aorta and _ pul- 
monary artery was examined for medial necrosis 
and this pathology was confined to the ascending 
aorta, where poststenotie dilatation was present. 
The authors state that medial necrosis can also 
occur in arteries remote from a stenotie valve 
in which event other factors besides hemodyna- 
mies must be considered abnormal. This, for 
example, can be found in the congenital form of 
aortic medial necrosis sueh as oeeurs in Marfan’s 
syndrome. 

KRAUSE 


Verstraeten, J. M., Van Der Straeten, M., Ver- 
straeten, J., and Pannier, R.: Pulmonary Elas- 
ticity in Mitral Stenosis. Acta cardio]. 13: 262, 
1958. 

In 44 patients with mitral stenosis the trans- 
pulmonary pressure was recorded using a differ- 
ential manometer, 1 side of which was connected 
with an intraesophageal balloon, while the other 
side was connected with the oral cavity; a spirom- 
eter recorded the pulmonary volume in the same 
tracing; a stopeock was used to interrupt the 
respiration at every displacement of 500 ml. of 
air. Data on pulmonary cireulation, obtained by 
right heart catheterization, and on the ventila- 
tory function were presented, with the caleu- 
lated elastance and with clinical information for 
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each patient. It was found that the elastance 
increased in proportion to the severity of the 
mitral disease. Some relation was found be- 
tween the elastance and the pulmonary arteriolar 
resistance. Changes in vital capacity, in the in- 
dex of Tiffeneau, and in residual air were not 
important factors of changes in elastance. When 
the pulmonary capillary pressure was increased 
and fluid accumulated in the septa and in the 
alveoli, the elastance was also greatly increased. 
In patients undergoing mitral commissurotomy, 
it was found that the elastance was greatly in- 
creased in those patients in whom the biopsy of 
the lung showed interstitial fibrosis. 
CALABRESI 


Laake, H.: Rheumatic Tricuspid Stenosis. Acta 

med. scandinay. 161: 109, 1958. 

The diagnostic features of tricuspid stenosis 
are reviewed. <A recording of the venous pulse 
in the neck was regarded as an important diag- 
nostie aid. In the phlebogram of a patient with 
tricuspid stenosis and sinus rhythm there was a 
characteristically high a wave but if there were 
atrial fibrillation the a wave vanished. As the 
fall of pressure in the right atrium in tricuspid 
stenosis occurred gradually, there was no marked 
Y wave in atrial fibrillation in contrast to the 
findings in constrictive and exudative pericardi- 
tis. When there was coexistent mitral stenosis, 
the auscultatory findings in tricuspid stenosis 
could be difficult to assess. It was of value in 
the differential diagnosis between these 2 lesions 
to observe whether the diastolic murmur increased 
in intensity when the breath was held after a 
deep inspiration. When the negative intratho- 
racic pressure increased with inspiration the rate 
of flow of blood increased in the venae eavae and 
the murmur became higher pitched in tricuspid 
stenosis, whereas the opposite was true in mitral 
stenosis. It was characteristic of the murmur of 
tricuspid stenosis that it was accentuated with 
the patient on his right side. In a 10-year pe- 
riod, 54 patients with rheumatic heart disease 
were examined at autopsy and showed an inci- 
dence of tricuspid stenosis of 20.4 per cent. 
About one fourth of these had high grade steno- 
sis, yet the correct diagnosis was made ante mor- 
tem in only 1 patient. This points up the fact 
that tricuspid stenosis is frequently not diag- 
nosed ante mortem. An accurate clinical diag- 
nosis of tricuspid stenosis assumes increasing 


ABSTRACTS 


importance in view of the operative treatment of 
rheumatic heart disease. The indications for mi- 
tral valvulotomy depend partly on whether there 
is co-existent tricuspid stenosis. Moreover, tri- 
cuspid stenosis itself is amenable to surgical 
treatment. 

BROTHERS 


VASCULAR DISEASE 


Bruckner, W. J.: Significance of the Superior 
Vena Caval Syndrome. Arch. Int. Med. 102: 
88 (July), 1958. 

The significance of the superior vena caval syn- 
drome was reviewed on the basis of a series of 
23 patients observed between 1947 and 1957. The 
symptoms and signs of the syndrome fell into 
2 main categories: those of the primary disease 
and those due to venous obstruction itself. When 
compared with similar data collected before 1945, 
it was found that the incidence of primary tho- 
racic tumor rose from 33 per cent to 38 per cent. 
Obstruction of the superior vena cava when 
caused by a benign lesion was compatible with 
long life; when caused by malignant disease, the 
outlook was extremely poor. When the diagnosis 
was suspected the adjuvant diagnostic measures 
of venous pressures, infrared photography, and 
contrast medium venography were recommended. 
The presence of the superior vena caval syndrome 
for longer than 6 months usually indicated that 
the lesion was benign and often could be relieved 
by surgery. 

KRAUSE 


Schoop, W., and Rau, G.: On the Cause of Arterial 
Changes in Arteriovenous Fistulas. Ztschr. 
Kreislaufforsch. 47: 503 (June), 1958. 

In 5 of 10 dogs with surgical anastomosis 
between the femoral artery and vein, repeated 
small injections of methylene blue caused less 
intense coloration of the arterial intima above 
the anastomosis than of the corresponding artery 
on the other side. This was attributed to a 
shorter time of contact between the dye and the 
intima due to increased blood velocity near the 
fistula. The ectasias in the artery leading to an 
arteriovenous fistula which are often found in 
human patients with such fistulas are attributed 
to deficient nutrition of the intima which is said 
to result from a decreased time of contact be- 
tween blood and intima. 
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Heart Disease and Pregnancy. Physiology and 
Management. C. Sidney Burwell and James 
Metcalfe. Boston, Little, Brown and Company, 
1958, 338 pages, 44 figures. $10.00 
This volume is an authoritative statement of 

our knowledge of the physiologic changes of 

pregnancy, the effects of the various types of 
heart disease, and the diagnosis and detailed 
treatment of these cardiae disorders. This treatise 
is an eminent successor to Hamilton and Thom- 
son’s study, at the Boston Lying-In-Hospital, of 
$50 pregnant women with heart disease published 

in 1941, 

The authors state that if disease during preg- 
naney is to be well managed, the physiologic 
changes of pregnancy must first be known. Suc- 
cessive chapters deal with maternal adjustments to 
pregnaney, the organization of the cardiac clinic 
for proper management of their patients, the 
diagnostic criteria of heart disease in pregnancy, 
the prognosis of heart disease in pregnant women, 
and the details of the medical management of the 
pregnant patient with heart disease. 

The authors state, “With present-day medical 
management and close cooperation between the 
patient, the obstetrician and the internist, more 
than 97 per cent of all cardiae patients who are 
capable of achieving pregnaney can be expected 
to survive it. The eardiae who has functionally 
severe heart disease runs an appreciably greater 
than average risk during pregnancy; so does the 
cardiae who is over 35 years of age.” ... “There 
is no evidence to indicate that the life expectancy 
of the woman with heart disease is shortened by 
pregnaney once she survives the pregnaney 
itself.” 

The diagnosis and treatment of the manifesta- 
tions of rheumatie fever and rheumatie heart 
disease, congenital heart disease, and other dis- 


orders of the heart in pregnancy are delineated 
with admirable insight and clarity. Coronary dis- 
ease as it occurs in association with pregnancy is 
reviewed and a variety of even rarer disturbances 
in pregnant women, such as thyroid disease, 
syphilitic heart disease, beriberi heart disease, 
postpartal heart disease, and constrictive peri- 
carditis are discussed. 

This book is a superb example of painstaking 
analysis of the pathologic-physiologie changes oc- 
curring in pregnant cardiac women which then is 
utilized as the basis for accurate diagnosis and a 
detailed practical program of medical manage- 
ment. 

The volume is embellished by delightful refer- 
ences garnered from a multitude of literary 
sourees. This book undoubtedly will be acknowl- 
edged as the authoritative statement of the sub- 
ject and is highly recommended for all physicians 
concerned with cardiac patients and pregnancy. 

HerRMAN L. BLUMGART 


Electrocardiography. Michael Bernreiter. Phila- 
delphia, J. B. Lippincott Company, 1958, 134 
pages, 92 figures. $5.00. 

This text represents the-material used by the 
author in teaching medical students, general 
practitioners, and internists the elementary 
knowledge of electrocardiography. The book con- 
sists of 134 pages that include only 28 pages of 
text. The remainder consists almost entirely of 
diagrams and illustrative electrocardiograms. The 
book contains only the barest outline of the most 
essential information and qualifies as a lueid, 
readily comprehensible compendium for medical 
students in their initial study of the subject. The 
diagrams and electroeardiographiec illustrations 
are excellent. 

Herrman L. BLuMGART 
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AMERICAN HEART ASSOCIATION, INC. 


44 East 23rd Street, New York 10, N. Y. 


Telephone Gramercy 7-9170 


VARIED PROGRAM PLANNED FOR 
AHA SCIENTIFIC SESSIONS 

A program which will integrate the con- 
tributions of the basie sciences, clinical ex- 
periences and medical care problems in the 
field of cardiology is being planned for the 
Association ’s 32nd annual Scientific Sessions, 
to be held from Friday, October 23 through 
Sunday, October 25 at the Trade and Con- 
vention Center in Philadelphia. 

Tie Association’s Council on Clinical Car- 
diology has been charged with preparing six 
sessions of broad clinical interest. These will 
run concurrently with special scientific ses- 
sions and Council programs in which original 
investigative work will be presented. 


JOINT AHA SCIENTIFIC SESSION 
WILL BE HELD WITH AMERICAN 
COLLEGE OF CARDIOLOGY 

For the first time the American Heart 
Association's annual Scientifie Sessions will 
include a joint session with the American 
College of Cardiology. The College, which 
will be holding its 8th Interim Meetine con- 
currently, will also conduct its popular fire- 
side conferences to which Heart Association 
members are invited. 


ABSTRACTS OF PAPERS DUE 
JUNE 12 FOR SCIENTIFIC SESSIONS 


June 12 is the deadline for submitting 
abstracts of papers to be presented at the 
32nd annual Scientific Sessions of the Ameri- 


can Heart Association, scheduled for October 


23-25 in Philadelphia. Papers intended for 


presentation must be based on original in- 
vestigations in, or related to, the cardiovas- 
cular field. Abstracts must be limited to 250 
words or less and should contain a brief digest 
of the results obtained and the conclusions 
reached. 

Official forms for submitting abstracts of 
papers and applications for scientific exhibit 
space, which also must be returned by June 
12, may be obtained from Dr. F. J. Lewy, 
Assistant Medical Director, American Heart 
Association. Space for industrial exhibits may 
be requested through Steven K. Herlitz, Inc., 
280 Madison Avenue, New York 16, N. Y. 


MEDICAL SOCIETIES ENDORSE 
HEART ASSOCIATION PROGRAM 


Resolutions endorsing the programs of the 
American Heart Association and other major 
voluntary health agencies and expressing 
commendation for their contributions to medi- 
cal research and the nation’s health were 
voted recently by the American College of 
Surgeons and the Association of American 
Medical Colleges. In addition, the American 
Medical Association reiterated its position in 
support of the programs and independent 
fund raising policies of the AHA and other 
national health agencies. 

The Board of Regents of the American 
College of Surgeons in December unanimously 
adopted a statement commending the ATLA 
and others ‘‘for their substantial and intelli 
gent contributions to health and to medical 
research.’’ In February, the Executive Coun 


¢il of the Association of American Medical 
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AMERICAN HEART ASSOCIATION 


Colleges resolved to ‘‘express its appreciation 
to the major voluntary health agencies for 
the invaluable contributions they are making, 
particularly toward the support of basic re- 
search, fellowships, scholarships and_ long- 
term research personnel support.’’ 

The AMA’s House of Delegates, meeting in 
December, reaffirmed the resolutions of June, 
1958, expressing the medical profession’s 
confidence in the programs of the AHA and 
other agencies. Clauses were added stating 
that the AMA ‘‘neither approves nor disap- 
proves of the inclusion of voluntary health 
agencies in United Fund drives,’ and calling 
for a top-level conference of the interested 
parties to discuss these problems. 


LATEST VOLUME AVAILABLE 
ON HYPERTENSION PROCEEDINGS 
Volume 7 of the proceedings of the Associa- 
tion’s Council on High Blood Pressure is now 
available through local Heart Associations 
or through the American Heart Association 


at $2.50 a copy. The volume is based on the 
Council’s Annual Meeting in November, 1958. 
In addition to the scientific and lay presenta- 


tions given at the meeting, the volume in- 
cludes discussions on hypertension by leading 
specialists in the field. 

In addition, four volumes of the Council's 
proceedings, covering the years 1953 and 
1955-57 respectively, may be obtained at a 
combined price of $6.00 from the American 
Heart Association, 44 East 23rd Street, New 
York 10, N. Y. 


AHA RESEARCH COMMITTEE 
NAMES NEW CHAIRMAN 
The Research Committee of the American 
Heart Association has elected Charles II. 
Rammelkamp, Jr., M.D., of Cleveland, as 
Chairman for the vear 1959-60. 


NEW ISSUE OF HEART BULLETIN 
CONTAINS AHA-INVITED PAPERS 
The May-June issue of The Heart Bulletin 
onsists of papers invited by Associate Medi- 


‘al Editors appointed by the American Heart 
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Association. The Association sponsors the 
publication in cooperation with the National 
Heart Institute and the American Academy 
of General Practice. 

Included are articles on The Artificial 
Kidney, by George E. Schreiner, M.D.; The 
Coronary Collateral Circulation, by Richard 
W. Eckstein, M.D.; Aberrant Ventricular 
Conduction and its Clinical Significance, by 
Alfred Piek, M.D.; Essential Hypertension: 
Rationale for Early Treatment, by Edward 
D. Freis, M.D.; and The Electrocardiogram 
in Atrial Septal Defect, by S. Gilbert Blount, 
M.D., Ray Prior, M.D., and George Wood- 
wark, M.D. 

The journal, with its concise and practical 
approach to the problems of every-day prac- 
tice, is of particular value to the practicing 
physician in cardiovascular disease. 


ABSTRACTS DUE JUNE 12 FOR 
ARTERIOSCLEROSIS COUNCIL 
MEETING NOVEMBER 8-9 

June 12, 1959 has been set as the deadline 
for submitting abstracts of papers to be pre- 
sented at the meeting of the Association's 
Council on Arteriosclerosis, to be held in 
Chicago's Hotel Knickerbocker on Sunday 
and Monday, November 8-9. Abstracts, not to 
exceed 250 words, should be sent in quadru- 
plicate to Aaron Kellner, M.D., Program 
Chairman, New York Hospital, 525 East 68th 
Street, New York 21, N. Y. 

The new Council, which was the American 
Society for the Study of Arteriosclerosis be- 
fore its recent merger with the AHA, will 
also hold a scientific session and a symposium 
as part of the Heart Association’s 32nd an- 
nual Scientific Sessions for which abstracts of 


papers to be presented also are due on June 12. 


NATIONAL ORGANIZATIONS 
SPONSOR CV TRAINING PROGRAM 
A postgraduate Cardiovascular Research 

and Training Program, jointly sponsored by 
the AHA and the National Heart Institute, 
will be conducted beginning July 1 in the 
Departments of Physiology and Pharmacology 
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at the Medical College of Georgia, Augusta. 
Participants will receive a stipend of $3,800 
plus $350 for each dependent and certain 
expenses. Appointments are made on a one- 
year basis. Requests for application forms 
and inquiries may be made to the program 
directors, W. F. Hamilton, M.D., or R. P. 
Ahlquist, M.D., at the Medical College of 


Georgia. 


MEDICAL TEACHING INSTITUTE 

A second Summer Institute on Medical 
Teaching, presented by The University of Buf- 
falo and The Association of American Medical 
Colleges, will be held from June 9-18 at The 
University of Buffalo. The first Institute, held 
in June last year, provided an unusual op- 
portunity for 25 medical teachers represent- 
ing 21 medical schools in the U. S. and 
Canada to study the complex problems of 
medical education under the stimulus and 


guidance of professional medical educators. 


Courses are free. A modest charge for lodgings 


and meals will be made by the University. 


Registrations may be made through Dr. 
George E. Miller, University of Buffalo School 


of Medicine, Buffalo 14, N. Y. 


MEETINGS CALENDAR 

May 26-29: American College of Cardiology, 
Philadelphia. Philip Reichert, 480 Park Avenue, 
New York 22, N. Y. 

June 3-7: American College of Chest Physicians, 
Atlantie City. Murray Kornfeld, 112 E. Chestnut 
Street, Chicago 11, Tl. 

June 5-7: World Conference on Angiology, At- 
lantie City. Alfred Halpern, 11 Hampton Court, 
Great Neck, N. Y. 


AMERICAN HEART ASSOCIATION 


June 8-12: American Medical Association, Atlantic 
City. F. J. L. Blasingame, 535 N. Dearborn 
Street, Chicago 10, Ill. 

August 10-13: National Medical Association, 
Detroit, John T. Givens, 1108 Church Street, 
Norfolk, Va. 

September 13-17: International College of Sur- 
geons, U.S. Section, Chicago. Ross T. MeIntire, 
1516 Lake Shore Drive, Chicago 10, TIL. 

September 22-25: American Roentgen Ray Society, 
Cincinnati. C. A. Good, 200 First Street, S.W., 
Rochester, Minn. 

September 28-October 2: American College of 
Surgeons, Atlantie City. Paul R. Hawley, 40 E. 
Erie Street, Chieago 11, IIL. 

October 19-23: American Publie Health Associa- 
tion, Atlantic City. B. F. Mattison, 1790 Broad- 
way, New York 19, N. Y. 

October 23-27: American Heart Association An- 
nual Meeting and Scientific Sessions, Philadel- 
phia. American Heart Association, 44 East 23rd 
Street, New York 10, N. Y. 

November 8-9: American Heart Association’s 
Council on Arterioselerosis, Chieago. Aaron 
Kellner, New York Hospital, 525 East 68th St. 
New York 21, N. Y. 


ABROAD 

June 24-27: 2nd International Conference on Medi 
eal Electronics, Paris, France, F. S. Brackett, 
National Institutes of Health, Bethesda 14, Md 

July 23-30: International Congress of Radiology. 
Munich, Germany. H. V. Braunbehrens, Ziems 
senstr. 1, Munich 15, Germany. 

July 27-30: Shaio Foundation Symposium on 
Cardiovascular Disease, Bogota, Colombia. Al 
berto Vejarano-Laverde, 43-23 Carrera 13, Bog 
ota-Colombia. 

September 18-20: International Cardiovaseulai 
Society, Munich, Germany. H. Haimoviei, 715 
Park Avenue, New York 21, N. Y. 
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